




PEOJBOT 

TOB 

CANALS 

OF 

IRRIGATION AND NATIGATION 

FBOM xns 

RITER SOANE 

IK 

SODTH REBAR; 

WITH 

PLANS AND* ESTIMATES. 



BY LIBVT. COL. C. H. BICKBNS^ 

BSirSAL ABTILLiBBT* 


— jiA — 

Printed bp order of the Goveriiment of Indif. 


CALCUTTA: 

Pnhlio VMkB DepirtmettI T. Cutter* 

i 8 di. 




TABLE OF CONTENTS. 




REPORT OP 1861. 

Page. 

Section 

I. 

Introductory 

1 

Section 

II. 

The Soane 

s 

Section 

III. 

Remarks on Climate 

8 

Section 

IV. 

Situation of Head of Supply 

11 

Section 

V. 

General Plan of the Canals 

13 

Section 

VI. 

Land, Fencing, Roads, Plantations, and Exca- 


* 


vation 

22 

Section 

VII. 

Accommodation for Engineers and Subordi- 




^ nates 

26 

Section VIII. 

Plan of the Head Works 

28 

Section 

IX. 

Alignment of the Canals— 




A, Western Canal, Main Line ... 

41 



J?. Arrah Branch, 

44 



C, Sasseram Branch, 

47 



L. Eastern Canal, Main Line 

62 



E, Patna Branch, ^c 

66 



jP. Tiharee Branch, ^c 

67 

Section 

X. 

Falls, Locks, and Barrier Bridges 

60 

Section 

XI. 

Bridges and Branch Heads 

69 

Section 

XII. 

Distributaries 

73 

Section XIII. 

Terminal Works 

76 

Section XIV. 

Bates and Cost of Works 

77 

Section 

XV. 

Income, Expenditure, and Profits 

92 

Section XVI. 

Proposed modes of carrying out the Works . . . 

104 



APPENDIX A. 

Page. 

Repobt 

OP 185B ... ••• ••• •** 

i 

Reply of the Bengal Government 

Reply of the late Hon^ble Court of Directors of the 

XV 

xvi 

East India Company ... ... 



APPENDIX B. 


l*age. 

BfiPORT OF 1855 xvii 

Beply of the late Hon^ble Court of Directors of the 

East India Company xxxvii 

Note on the cost of raising water for irrigation . . . xxxviii 

Estimate No. 1. Excavation xli 

Ditto 2. Dam across the Soane ... ... lix 

Ditto 3. Head Regulating Bridges Ixi 

Ditto 4. Lock Chaimcl Heads at Soane . . Ixix 

Ditto 5. Tootla Syphons Ixxvi 

Ditto 6. Dam on the Kao Ixxxi 

* 

Ditto 7. Escapes . . . Ixxxiv 

Ditto 8. Inlets with drop into Canal ... * Ixxxix 

Ditto 0. Inlets on a Level xciii 

Ditto 10. Masonry Falls ... xcvii 

Ditto 11. Locks and Mills ... .. nii 

Ditto 12. Barrier Bridges above Falls ... I'xviii 

Ditto 13. Bridges and Culverts exx 

Ditto 14. Branch Heads ... . ... cxl 

Ditto 15, Distributaries (Rajbuhas) cxliv 

No. 16. Account of expense of the Preliminary 

Survey tli 

General Estimate eli 


Glossary of certain Hindustani Terms. 
Table of Errata. 



Plate I. 


II. 

III. 

IV. 

V. 


VI. 


vn. 


VIII. 

IX. 

X. 

XI. 
XII. 

xin. 

XIV. 

XV. 
XVI. 

XVII. 

XVIII. 

XIX. 

XX. 
XXI. 


LIST OF MAPS AND PLANS. 

a separate 

Index Map of India.-— Map of Soane Drainage 
Bason. 

Map of the country at the site of the Works. 
General Plan of the Canals. 

Detailed Map of the country south of the Grand 
Trunk Boad. 

Detailed Map of the country between the Soane 
and the Kao. 

Detailed Map of the country between the Soane 
and the Poonpoon. 

Plot of levels at site of Head-works^ with Cross 
Section of the Soane. 

General Plan of the Head-works. 

Dra^vings of the works composing the Head-works. 
Drawings of the Lock Channel Headd. 

Tootla Drainage Syphons. 

Dam on the Kao. 

Inlets and Escapes. 

Falls. 

Locks. 

Barrier Bridges and Lock Channel Heads. 

Designs for Bridges. 

Designs for Branch Heads. 

Survey near Kurrundea. 

Sections of Canal channels, showing width of land. 
Illustrations of the system of Distributaries. 


NcyiB.— The Sgures denoting the levels in Plates 11. to Vlll. may he made to 
represent exactly heights in feet above tiie sea by the addition of 65 00. 




SOANE CANAL PROJECT. 




REPOET OP 1861 

ON THE 

SOINE CINIL PROJECT. 


Skctk ' I. Introductory. 

The firso seep towards the project contained in the following 
pages was the submission to Government, in 1853, of a Memoran- 
dum, printed in the Appendix, on the advantages to be derived from 
the construction, by Government, of Irrigation Works even in the 
permanently settle'^ districts* ol the Lieutenant Governorship of 


* As this paper may possibly fall into the hands of Engineers in England 
I may as well explain that in tho North-Western Provinces the Government, as 
landlord, settles with the village communities once in 20 or 30 years, the amount of 
the annual rent of the land. When Government Irrigation Works are constructed, a 
price is fixed foi; the water, which is comparatively low, and a further profit is looked 
for from the enhancement of the rent of the land at the next settleiflent. In most of 
the districts of the Lieutenant Governorship of Bengal, the rent was settled in per- 
petuity at the end of the last century. Under that arrangement ^he total return 
for the outlay on Irrigation Works must be looked for in the price to be x^aid by the 
cultivators for the water. It was a common belief in Bengal that no such price 
could be obtained as would remunerate the constructors of the works ; and hence 
much of my first report will be found devoted to establish the point that there is 
no doubt of a good return for the outlay even under the permanent settlement. 

In the Madras Presidency there is no separate charge for the water supplied by 
the Govermnent Irrigation Works, but the Government revenue is assessed at 
different rates for irrigated and unirrigated lands, and so the profit from Works of 
Irrigation appears entirely in the enhanced land revenue. 

There is another difference between Works of Irrigation constructed in the Madras 
and Bengal Presidencies which, in order to avoid misapprehensioii, it may be well to 
notice here. (See the Index Map of Indif^ Plate I.) The season for rice cultiva- 
tion throughout India may be considered to be from June to November. The 



INTRODUCTORY SECTION. 


a 

Bengal^ and especially of utilizing in that way the large quantity 
of water which flows uselessly into the Ganges in the floods ot 
the Kummnassa and Doorgowtee. 1 had not then seen the Soane, 
and had heard no accounts of it to lead me to look to it as a 
sour^ from which to supply canals with water. 

In the end of 1 854, 1 was authorized to proceed to Shahabad 
and examine the country in detail. I remained there till April 1855, 
and after my return to Calcutta I submitted the report which will 
also be found in the Appendix. It will be seen that the quantity 
of water passing down the Soane in the dry season, and the favour- 
able levels, made that river the main source of supply for irriga- 
tion for Shahabad, and suggested the probability of its also being 
the best source from which to irrigate the part of the District of 
Behar on its right bank; and the reservoir scheme became of 
secondary importance. 

A detailed survey was ordered in December 1855. I was my- 
self detained on duty in Calcutta, but two OlHcers— 

Captain H. Farrington, 2nd Bengal Fusiliers, 

(since, I regret to say, deceased,) 

and Lieutenant H. E. Whish, 26th Bengal Native Infantry, 
(now Executive Engineer, Etawa Division Ganges Canal,) 

were placed under my orders to carry on the survey. It was February 
1855 before fhey could get to work, but the survey was carried 


south-west monsoon (which in the open ocean blows nearly due west) sets in early 
in May, and by the 20th June the air becomes so charged with moisture as to 
produce the rainy season which continues till September or October. But the 
monsoon is entirely deprived of moisture by the high lands of the interior before it 
reaches the Madras Coast, which in the rice-cultivating season is therefore for the 
most part totally destitute of rain. The rivers however are fed by the monsoon 
in their upper reaches on the high lands of the interior, and when irrigating canals 
are established on them, they supply the place of the rains which in the lower lands 
are absolutely wanting. On the change of the monsoon to the north-east the Madras 
Coast receives rain in November and December, which is of use to close but not 
to begin the cultivation. 

In the Bengal Presidency the state of the seasons is quite different. The 
south-west monsoon curves round Cape Comorin and sweeps up the Bay of Bengal 
. nearly as a due south wind. The rainy season sets in with full force in June, and 
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over the country to the east of the Soane to an extent to prove the 
practicability of using the water of the river for irrigation on the 
right as well as on the left bank. 

In the end of 1855, I subuiitted estimates for carrying out a 
portion of the works on the west of the Soane, but the restrictions 
which were placed on Public Works expenditure at that time pre- 
vented their being sanctioned, and the complete project was awaited. 

In June 1856, I was again enabled to visit the districts for a 
few months, and also in the early part of 1857, but was obliged to 
return to Calcutta in March. During the dry season of 1856-57 
the . detailed surveys were proceeded with, both on the right and 
left banks, to the extent shown in Plate III. The Mutiny took 
place in May 1857, and it soon became necessary to break up the 
establishment. Sliahabad indeed was amongst the most disturbed 
districts. 

I continued, however, to work up the materials which had been 
collected for the completion of the project, as my other duties 
would permit, until December 1860, when I was authorized again to 
visit the district and devote my whole time to the completion of 
the project, as far as the data collected would allow. 

The project for the Soane Canals has thus been brought to 
maturity so far as to admit of its being submitted as a whole for 
the orders of Government. 

It is not however by any means complete in detail, nor is it 
necessary that it should be. It would be a waste of labour to 
enter into all the details of levels and estimates of a scheme which 
may not be carried out for years, and which even if begun upon 
at once, could only be completed gradually, when ample time would 


in ordinary scaHons tlie rice can be cultivated without assistance from artificial 
irrigation. Therefore it must not be expected that the water will ordinarily be 
paid for in the Bengal Presidency at the same price as in Madras. 

The Province of Orissa receives the benefit of the South-West monsoon like the 
rest of the Bengal Presidency. (See tract colored yellow on Plate I). The division 
between the part of the coast which does, and the part which does not receive the 
benefit of the rains with the South-West monsoon is 1 believe about half way 
between the mouths of Mahanuddee and Godavery. 
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be allowed to prepare complete estimates for each branch as they 
might be wanted. The project now submitted will be found, I 
believe, as far matured as any similar project has been before re- 
ceiving the sanction of Government. 

One principal point in which detailed information is wanting 
is* the delineation of the local drainage. This has been nearly 
completed for the portion of the canals south of the Grand Trunk 
Road — ^that in fact contained in Plate IV. Some details of infor- 
mation have been collected north of the Trunk Road along the 
lines of which the levels have been taken, which will be given 
in their proper place ; but a complete survey is wanting, and the 
lines levelled will need some re\dsion of lining out (as will be ap- 
parent by consulting the Sections in Plates V. and VI.), but 
which the Officers employed were unable to rectify before the 
mutinies put a stop to their labours. Lieutenant Whish super- 
intended the levels, &c., for the first 14 miles of the Western and 
for all that was done on the Eastern Soane Canal line. The rest of 
the work of 18B7 is Captain Farrington^s, The levels of the lines 
marked as ^^of 1861” are my own. 

One of the most important points connected with the details of 
drainage is the direction and amount of the Soane floods which cross 
the country right and left in the last few miles of the course of the 
river. It will probably be best only to cross them with small chan- 
nels for the irrigation, and to let the main navigable canals termi- 
nate in the Banas and Poonpoon clear of the floods of the Soane, 
instead of adopting the lines originally sketched out and levelled. 

f 

Another principal point on which details are wanting is as to 
the sub-soil, especially of the bed of the Soane, where the Dam is pro- 
posed to be placed. For this work in the estimate, the foundation 
is assumed to rest on sand of a very great depth, audit will probably 
be found to do so for the greater part of the width of the river. 
For the other works I have allowed an abundant proportion in the 
estimates to have under-sunk blocks in the foundations. The want 
of detailed information as to the soil is therefore, I hope, not likely 
to lead to the estimate being found insufficient. 
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Section II. — ^The Soane. 

This river rises along with the Nerbudda and Mahanuddee on 
the elevated plateau of Central India near Ummurkuutuk, and 
runs 325 miles through a high rocky tract, receiving tributaries only 
from the south. On the north, the drainage area of the river is 
limited by the steep slopes and precipices of the Kymore range, 
along which the river runs, and the table-land above which drains 
away from the Soane to the Ganges. After quitting the elevated 
rocky region of Central India, the Soane enters the valley of the 
Ganges, and by a straight course of 100 miles, through the plains 
of South Behar, joins the sacred river between Arrah and Fatna. 

It is with this latter portion of the course of the Soane that 
the present project is concerned. In it the chief peculiarity of the 
river is its great width. Opposite Tilotlioo (Plate II.) it attains a 
width of nearly three miles, and for the greater part of the 100 miles 
it is more than two miles wide. This immense bed consists of sand, 
and during 8 months of the year contains a stream of only a quarter 
of a mile wide, so that it appears to the traveller like a sandy desert. 
The depth of this wide channel is on the average under 20 feet, and 
in its deepest parts hardly exceeds 30. The strong dry westerly 
winds, which prevail from January to April and sometimes till June, 
heap up the sand on many parts of the eastern bank to 12 or I t feet 
above the level of the country, with a sharp descent upon it at the 
angle of repose of the material, thus forming a natural embank- 
ment for many miles. 

The drainage area of the Soane is (see Plate I.) nearly 23,000 
square miles. Its extreme discharge in floods is about If million 
cubic feet per second, which, continued for 24 hours, would be ecjual 
to a drainage of 2| inches from the whole surface in that time. 
The heavy floods however are of but short duration, hardly ever 
exceeding four days ; and the river even in the rainy season seldom 
fills its channel. In the dry season the lowest discharge is usually 
about 4,000 cubic feet per second. It is on this latter discharge 
that the present project depends. 

During the present year the discharge of the Soane has been 
louver than I have ever known it before. This is the natural effect 
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of the deficiency of rain which produced the famine in the N. W. P. 
I|x the end of February the discharge was 3,500 cubic feet per 
second, and by the end of May it had fallen to* 950 cubic feet per 
second. On the 24jth May 1859 it was upwards of 4,000 cubic feet 
per second. 

A discharge of only 950 cubic feet per second in the irrigating 
season, even if it were only an occasional occurrence, would require a 
total modification of the present project. But as the irrigating 
season in Shahabad and Behar terminates in the middle of March, 
and the river carried 3,500 cubic feet a second up to the end of 
February, it may be concluded that even in an unusually dry year 
there will still be an available supply of 3,000 cubic feet a second 
during the irrigating season. 

The object is to throw this supply of water up upon the plains 
of Behar for the irrigation of the crops, and at the same time to 
afford a secure and certain means of navigation by canals, instead of 
the present almost impracticable navigation of the shallow stream 
that now meanders through the sandy bed of the river in the 
dry season, or the violent and uncertain flood which rushes down to 
the Gauges in the rains. The project is therefore principally 
for constructing artificial rivers like the canals of Northern India, 
of the Madras Presidency, and of Northern Italy ; and onl^ to a 
comparatively small extent still- water canals, such as are usual in Eng- 
land. The general arrangement proposed may be seen in Plate III. 

The facilities which the Soane offers for our purpose are in 
some respects very great. It receives no tributaries of any consi- 
derable size from the point where it enters the plains to the end of 
its course, and absolutely none from the Trunk Road northwards. 
Tliere is therefore no very formidable drainage to be crossed by 
the canals. It has a rapid despent — ^which is shared by the plains 
through which it runs — of not less than 2 and generally nearly 3 feet 
in the mile. There is therefore a complete command of level for 
the canals in a direction parallel to the river. But further the 
river (doubtless from having raised the plains by the deposits of its 
own floods) runs on the crest of the water shed, and so gives a 
command of level not only parallel but perpendicular to itself, as 
far as the Doorgowiee and Kurumnassa on the west, and the 
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Poonpoon on the east. Tliis fall of the country, however, though 
advantageous in kind is excessive in degree ; and though it will 
give great cfficiencjp to the canals as machines for irrigating, it will 
make them expensive from the number of falls and locks that will 
be required. 

Another drawback is the great width of the Soane, which 
renders the construction of a dam across it a very formidable 
undertaking. 

There^re further difficulties connected with the floods of the 
river. Although its banks are free from flood for 60 miles of its 
course, it still inundates the country in places in the last 20 miles 
of its west and 35 miles of its east banks, and very severely in 
the last 10 and 25 miles west and east respectively. 

An interesting subject of inquiry connected with the Soane 
is the existence of ancient beds of the river in various parts. Some 
of them are apparently not very old, and yet the present banks of 
the river seem to be remarkably stable. One has already been men- 
tioned as extending from Sydabad to near Patna. This is mention- 
ed in Dr. Francis fiuchanan^s Eeport published as “ Eastern India” 
by Montgomery Martin. 

Another, indicated by a depression, and Soane pebbles in the 
wells, with a ridge of sand to the east is observable between Shum- 
sherenugur and Wuleedad, and especially at the latter place (50th mile 
of canal line) . Here Lieutenant Whish found traditions of the floods 
having, within the memory of man, penetrated the country in great 
bulk and strength. The last floods seem to have passed in near 
Mohummedpoor, at Eampoor Wyna and Umra (north of Wuleedad) 
and passed out again at Eampc jr Wyna. The floods extended to 
Pepra and Budrabad (54ith mile of canal line). This is reported not 
to have occurred for many years. 

Another old channel is more obscurely indicated from Tel- 
cup (the canal head of 1861) on the west bank to the west of 
Sewahee, it may pass thence east of the Gonyla Hill, and cross 
the trunk road a mile east of the Kao, Possibly it may rejoin the 
present channel at the depression at Umeawur near Nasreegunj. 
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The following Table gives farther details of the ividtli aud 
discharge of the Soane, and explains the cause of the flooding in 
the lower reaches of the river 

TahU of the dimermona of the Channel and flood discharge of 
the Soane River, 
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Assuming that for wide sandy beds like that of the Soane the 
mean depth in flood (allowing for the motion of the sand) is equal to 
the flood rise, it thus appears that the extreme flood discharge 
of the Soane is about 1,700,000 cubic feet per second; and that 
upon such occasions (of extreme flood) half of the water must be 
thrown over the country below Mussowra, 

Section III, — Remarks on Climate. 

In their Despatch, copied at page xxxvii. of the Appendices, 
the late Hon^ble Court remark "that the Provinces of Behar and 
Benares are the most favored of any portion of India in their ex- 

* The E. I. Railway Engineers have observed no higher rise than 20 feet since 
185S> when the Soane Bridge works were commenced. 
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emption from the calamities of drought on the one hand^ and of 
excessive inundation on the other^ and we think therefore that 
other parts of our territories claim your attention for works of 
this character more urgently than the Behar Districts." 

In this remark of the Court’s there seems to be some confusion 
between the portions of the provinces, referred to north and south 
of th^ Ganges. North of the Ganges the Court’s remark is no 
doubt just ; but to the south the case is very different. Most of 
the countryiear the hills is dry and barren, while no tract in India 
is more subject to severe floods than the country between Patna 
and Jehanabad, from the lower portion of the Poonpoon eastward. 
Other parts of the districts also suffer from floods. 

♦ 

It is true that South Behar did not suffer more than a scarcity 
during the famines of 1837-38 and 1860-61, and that we have no 
record of the Province having suffered from famine later than the 
year 1783, on which occasion the Government of that day resolved 
upon the strange expedient of constructing a series of large grana- 
ries as a means of mitigating the severity of such visitations, if not 
of preventing them. Patna was the place selected for the first granary, 
and is the only place where one has been erected. It is a bee-hive 
shaped brick building of about 90 feet high with a winding stair- 
case to the top, up which Jung Bahadoor once rode his hill pony. 
It is almost needl&s to say that the building has never been used. I 
have not been able to trace the steps by which the Resolution of the 
Government was abandoned. The building bears the following ins- 
cription in testimony that Behar is not always exempt from famine:—- 

No. 1. * 

IN FABT 07 A 0EN7BAL FLAN 
OBDEEED B7 TUB GOYXBNOB GBNEBAL IN COUNCIL^ 

20th of fanuary 1784^ 

FOB TUB FBBFBTUAL FBEVENTION 07 FAMINE 
IN THESE FBOTINOES* 

THIS GRANARY 

WAS EBEOTED BT CAPTAIN JOHN OABBUN, BNaiNEEKS, 
completed on the 20th of July 1786, 

FIBST FILLED AND FUBLIOKL7 CLOSED BY 
[ft blank is left on the stone.] 
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But though there is no record of any severe famine in Behar 
in recent times, there has not unfroquently been distress from scar- 
city of food. The most severe case of the kind that I have traced 
occurred in the years 1843 and 1844 from a failure of the rains of 
1843. The fall in that year from June to October inclusive was in 

Sliahabad 21*3 inches. 

Behar 18*9 " 

» Patna 19*6 " 

In the previous year Patna had nearly 50 inches. Thetwual fall in 
the three districts is about 35 inches in the same period. The 
Superintendent of the Survey in February 1844 wrote thus ; — 
“A large quantity of land is out of cultivation and cannot, T 
imagine, be sown now. The crops which are on the ground 
are also poor, and the unfortunate ryots are in many places- 
in a wretched state. I saw some 20 individuals near Bheeta 
[Behta], opposite to Daoodnugger, where the crops are certainly 
not the worst, picking up the grain that had fallen in cutting the 
crops, kernel by kernel, for a subsistence.^^ There was in fact an 
almost total failure of the rice crop followed by a bad cold weather 
crop. It was only a seasonable fall of rain in February that pre- 
vented the failure of the cold season crop also. The district rice 
had totally disappeared from the markets, and was replaced at a 
higher cost by rice from Bengal proper. 

It is true that irrigation is not so much wanted in South 
Behar as on the east coast of the Madras Presidency, where the 
rains are totally wanting at the season for cultivating rice. It is 
also true that irrigation is not so much required in South Behar as 
in the Punjab and N. W. Provinces where the rains are more scanty 
and irregular. But it is not the less certain that irrigation is much 
wanted in South Behar, and that th^re exist means of affording it 
which many other provinces do not possess. 

I do not imagine however that the late Court of Directors 
intended to discourage the establishment of irrigation canals in 
Shahahad and Behar, merely because there are other parts of Trulig. 
(often not possessing the means of constructing such works) which 
are more subject to drought. It was only to guard against the 
possibility of such other districts being overlooked that it was 
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desired by the Court to have a complete review (as since estab- 
lished in the Budget System) of the wants and means of supply- 
ing the wants of all the territories, before sanctioning the outlay 
of any large sums upon such works. 

SEbrioN IV. — Situation op the Head of Supply. 

The choice of a position for the Dam and Head works is the 
first point to be considered in establishing the canals. At first 
after examining in detail only the west side of the Soane, I 
was disposed to adopt the narrow part of the river between 
Bandoo and Khabra, just below the junction of the Koel. (See 
Section in Plate IV.) The Dam would have been shorter there 
than anywhere else, and there would have been an ample com- 
mand of level. The numerous small drainage channels on the wcstf 
with the Hoosenee river and Telcup nala, could be passed without 
much difficulty. But there were three objections which proved 
stronger than the advantages of a short Dam and a good command 
of level. First y the junction of the Koel, and narrowness of the 
Soane at Bandoo produce a very high flood rise compared with 
what takes place on other parts of this river — ^about 26 or 27 feet 
above the low water. Second^ the streams to be crossed on the 
left bank between Khabra and Putthurghatta are numerous and 
formidable. Third, there is a great deal of rocky soil between 
Deoree and Boodhwa, and again between Putthurghatta and 
Dhoondhooa. The extremely heavy rock-cutting near Deoree 
might have been avoided by taking the canal along a low ledge 
of rocks close to the Soane bank, walling it off from the floods, 
as was suggested by Lieutenant Whish ; but on the whole these 
three objections were sufficient to induce me to abandon the idea 
of forming the head at Bandoo. To these may also be added the 
objection which occurred to Sir A. Cotton, that the small area of 
irrigation which would be obtained by the additional command 
of level would not meet the additional cost of the increased length 
of the canal. 

My choice has therefore now fallen upon a site between Telcup 
and Jhikutteea for the Dam and Head-works. The river here is 
narrower than at any other place between Bandoo and the Grand 
Trunk Road, being 9,682 feet wide. There is abundance of rock 
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within a short distance on both sides of the Soane to afford the 
materials for the construction of the dam^ and all the formidable 
drainage on the east with a great deal of that on the west is 
avoided. In fact, the site near Bandoo being abandoned, there is 
scarcely any other site open to selection than the one in the neigh- 
bourhood of Putthurghatta. 

A Sketch Suiwey of the ground, with lines of levels plotted 
thereon, and a Section of the river, will be found in Plate VII. 

The site however has its inconveniences. On the west side the 
land on the river bank is below flood level by perhaps 6^ feet on the 
edge of the bank, and the water reaches to a distance of upwards 
of 1,000 yards in land. The soil is apparently a moderately stiff 
^ay as far down the bank as can be seen, — about 2 feet below 
the low water level. But I fear this stratum will not be found te 
extend further; for a well near the Abkaree (see Plate VII.), of 25 
feet deep, reaches the sand and shingle of the Soane. The level of 
the ground there is about 373 feet above the datum of the levels, 
which brings the level of the water to about the level of the 
Soane. Tliere seems to be no doubt therefore that on the west side 
we shall have to under-sink the foimdations of the Head-works. 

The bank does suffer to some extent from erosion by the Soane. 
I saw masses of the clay that had fallen into the river below the 
bank, and was told by the villagers that it sometimes fell in when 
a strong east wind occurred simultaneously with a high flood. The 
erosion must however be very small, as I could detect no unmis- 
takeable difference between the position of the bank in the plot 
of our levelling operations on a scale of 4 miles to an inch compared 
with the Revenue Survey Village maps constructed on the same 
scale in 1846. It will be necessary however to provide some pro- 
tection for the bank under the increased scour which will be caused 
by the canal Dam. 

On the east side the inconvenience is of precisely the reverse 
kind. It consists in the existence of rock, and the possibility 
of having to excavate the canal channel in rock for a distance of 
about 4,000 feet. The excavation however will furnish part of the 
material for the Dam across the Soane, and will therefore be rather 
a source of inconvenience than of expense. It is impossible to say 
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what extent of rock-cutting will be necessary until the ground is 
opened. No trace of the rock is seen upon the surface in the line 
selected for the canal after crossing the Dhoondhooa nala; nor 
indeed for some hundreds of feet before coming to it— the last out- 
crop of rock is nearer the Soane as marked on the Survey^ Plate YU. 

Section V. — Geneeal Plan of the Canals. 

The general plan of the Soane Canals now proposed is much 
the same as I proposed in 1855^ but with the addition of canals on the 
east of the Soane for the irrigation of a portion of the Behar and 
Patna Districts. The main features of the proposal are the fan- 
like spread of irrigation channels from 10 or 1^ miles below the 
Head-works all over the country right and left of the Soane as far 
as the Kurumnassa and Ganges on the west and norths and t]||| 
Morhur and Poonpoon on the east; and the provision of four 
main lines of navigation, to Benares, to the mouth of the Kurum- 
nassa, to Arrah and to Patna. It is not intended that all these 
should be constructed at first, nor, perhaps, at all. But it is de- 
sirable to^estimate for all, in order to facilitate selection. The 
details of the scheme ^vill best be gathered from Plate HI. and 
the following Tables 
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Table of the Western Soane Canal and its Ranches. 
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Table of the Eastern Soane Canal and its Branches. 
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The total length of the Canals is thos^ 

Western Soane Canals for Irrigation 861 Miles. 

Eastern ditto ditto 320 " 


Total 

Add Canals for Navigation o^ly 


681 Miles. 
145 " 


Grand Total . . . 826 Miles. 


The total discharge is — 

Western Canals 1,980 cubic feet per second. 

Eastern ditto 1,144 " 

Total . . . 3,124 cubic feet per second. 

of which 600 cubic feet per second is reserved for navigation and 
2,624 cubic feet per second proposed to be expended in irrigation. 

It will be observed in the foregoing Tables that I have calcu- 
lated the requirements of the districts for irrigation at fths of a 
cubic foot of water per second for every square mile of gross area. 
This is rather a larger allowance than I calculated upon in para. 21 
of my Report of 1855, where I mentioned frds of a cubic foot per 
square mile of gross area as probably a sufficient provision of 
water. Sir Proby Cautley allows 8 cubic feet to each mile of 
canal. If the canal be supposed to irrigate 4, 5 or 6 miles on each 
side, this gives 1, -^ths or |rds of a cubic foot per square mile of gross 
area. I believe the allowance I have made will be found sufficient, 
and not greater than the cultivation will require. 

It will further be observed that the slope of bed given to the 
canals is, for the larger lines, much less than it has been usual to 
allow in Northern India. I have in fact adopted a fixed velocity 
instead of a fixed slope of bed. The slope of bed is calculated to 
give the velocity of about 3 feet per second (2 miles an hour) with 
side slopes of li to 1, and a width on floor equal to the depth plus 
one squared, in feet ; and from these data and the required discharge, 
the dimensions of the channels are calculated. I have used the 
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formula of Eytelwein as gifen in Young^s Tracts on Hydraulics, 
in these calculations, viz. 

v= A v'g f d. 
where 

v=a= velocity per second in feet. 
f= fall of bed per mile in feet. 
d= the hydraulic mean depth in feet. 

For the navigable lines — ^that is, for the lines of canal where 
water is required for navigation in excess of what is passing down 
the canal for irrigation—I have allowed in each case 150 cubic feet 
per second. It will be obseived that there are four such lines 
included in the Tables of irrigating canals. These, with the fall 
and velocity allowed, only have a widtli of 18^ feet at bottom and 
about 28 feet on the water line, and a depth of 3i feet of water. 
Tliis size, though larger than that of many of the English canals 
for navigation, is undoubtedly small for a canal of any considerable 
traffic. This width and depth moreover is liable to be drawn upon 
for the irrigation to such an extent as might leave the width at 
* water line 2G J and the depth 2f feet. The dimensions laid down by 
the French for a canal of " Petite Navigation” are 33'3 feet wide at 
the water line and 22 feet on the floor, with a depth of 5 feet of water. 
The depth is not necessary with an abundant supply of water, such 
as is given by the proximity of the irrigating canal, and the dimen- 
sions of my channels in other respects nearly reach those of the 
canals of Petite Navigation, which are larger than many English 
canals. . Still I think these channels alone will not suffice for the 
traffic likely to be developed on the Soane Canals, and I have added 
in lines parallel, still-water canals of 20 feet width at bottom and 
84 feet deep, to takfe what would otherwise be the up-stream traffic 
of the flowing canals, whenever the latter are less in width than 22 
feet on the floor. 

For the navigable line to Benares, where the canal is a still- 
water one only, without a parallel running stream, I have allowed a 
width of 25 feet on the floor and 40 on the water line with 5 
feet depth of water. This canal will be 56 miles long. Allowing 
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a waste of as much as 12 inches of surface per diem^ and a loss 
of double the contents of the locks for the passage of each lock 
of boats^ and supposing 60 locks full to pass daily^ thegpiupply 
required will be 137 cubic feet per second for the former, and 29 
for the latter, or 166 cubic feet per second in all. The canal 
must have a slight slope, about 2 inches per mile, to carry the sup- 
ply forward, and this will save some expense in locks ; but it will 
be better to allow 4 : inches, to make up for periods of low water, 
and the obstruction arising from the growth of weeds, &c. The 
flow can always be regulated by the stop boards of the waste chan- 
nels of the locks. Mills may be established at the locks on the 
upper part of this canal without any danger of want of water for 
working them, and the locks (except for the descent into the 
Ganges) will all be on the upper part. I have only allowed 1 50 
cubic feet per second for this canal, and the short line parallel to 
the navigable portion of the Sasseram branch; but this will, I 
think, fully sufilce, considering that the Main Navigable line will 
have the benefit of the tail waters of the irrigation when not in 
full use. There would be no difficulty, however, in increasing the 
supply to any extent that is likely to be required. It would make 
no appreciable difference in the capacity of the large upper chan- 
nels of the flowing canal. 

In the flowing canals an escape is allowed at every bifurcation, 
and in some instances when the lines are long, at intermediate 
points. The dimensions of the channels are intended to be preserved 
without change until the occurrence of an escape gives the means 
of altering them without risk of inconvenience from surplus water. 

With so great a variety of size of channel it would be a most 
laborious business to give estimates and designs in detail for bridges 
and other works exactly suited to each individual channel, and 
it would also probably be, after all, of no use ; for it is hardly likely 
that the sizes of channels will be exactly adhered to when the 
works come to be laid out, on the ground. What is now laid down 
represents the scheme as a whole and in its main features correctly, 
but it must bo open to modification in detail to suit the facts that 
will be brought out in the detailed examination of the country that 
has yet to be undertaken. 
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I have therefore divided the channels into classes as follows 



Range’of widths 
of canals at ‘ 
bottom. 

Range of depths 
of water. 

Range of (Rs- 
charges. 

Range of faU 
per mile. 


Feet. 

Feet. 

Cubic feet per 
second. 


I 

73 

7-5 

1,980 

0*75 

11 

62-49 

6i^-6 

1,144-1,091 

877-738 

0*94-1*00 

III 

4.21-37 

6i-5* 

1*04-1*11 

IV 

341-291 

4i-4i 

669- 532 

1*18-1*26 

V 

26-23 

4i-3| 

400-335 

1*40-1*54 

VI 

21-17 

3-6-3-1 

314-214 

1*60-1*80 

VII 

16-121 

3-2*6 

190-106 

1*90-2*00 

VIll 

11-91 

2*3-2*25 

84-64 

2*00 

IX 

9-7 

2-1*66 

64-33 1 

2*00 

X 

6- 

1*25 

15 

2*00 


The estimates for bridges and for the land to bo taken up are 
made out for these classes, see Plates XVII. and XX. For the* 
other works, designs have been drawn up only for some of the 
classes of channels, and the cost of the works for the others deduced 
from these, as will be observed when I come to speak of the several 
works. 

One general remark must however be made here. I have 
drawn nearly all the designs for works with undersunk blocks in 
their foundations. This is not done with the idea that such 
foundations will be always, or even to any large extent required, 
but to enable me to show in the estimates what is likely to be the 
outside cost of each description of work. In the general esti- 
mates of the cost of the canals, I have assumed that half the works 
will require such foundations. This is a very liberal allowance, 
and more than covers any probable excess in actual cost over esti- 
mate arising from the soil being found unfavorable when the works 
are put in hand. 

/ 

Section VI. — Land, Fencing, Eoads, Plantations and Excava- 
tion. 

Plate XX. shows the width of land to be taken up for each 
class of channel, for the canal and banks. The sections on which 
these widths are taken give more than the average depths of 
cutting, and by taking a little less where the cutting is light, 
and more where it is heavy, I think the widths of land will be ample. 
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These widths give the following areas : — 

Deep cutting. West Main Canal, 660 feet wide, or 80 acres =: 
128 beegahs per mile, which at Bs. 6 ^er beegah (3,025 ^tjuarc 
yards), and with 10 per cent, added comes to Bs. 845 per mile. 

Deep cutting, East Main Canal, 600 feet wide, or 72J acres = 
116^ beegahs per mile, which at Bs. 6 per beegah, and with 10 
per cent, added, comes to Bs. 768 per mile. 

Ordinary 1st Class Channel, Western Main Canal, 440 feet 
wide, or 53 1 acres = 85i beegahs per mile, which, as above, comes 
to Bs. 563 per mile. 

Channels, Ilnd Class, 330 feet wide, or 40 acres = 64 beegahs 
per mile, which, as above, comes to Bs. 422 per mile. 

Channels, Illrd Class, tho same. 

Channels, IVth Class, 220 feet wide, or 26§ acres = 42§ bee- 
gahs per mile, which, as above, comes to Bs. 282 per mile. 

Channels, Vth Class, 200 feet wide, or 24 acres = 38§ beegahs 
per mile, which, as above, comes to Bs. 255. 

Channels, Vlth Class, 180 feet wide, or nearly 22 acres = 35 
beegahs per mile, whicti, with 10 per cent, added, comes to Bs. 231 
per mile. 

Channels, Vllth Class, 150 feet wide, or 18i acres = 29 
beegahs per mile, which, with 10 per cent, added, comes to Bs. 192 
per mile. 

i 

Channels, Vlllth Class, 130 feet wide, or 14i acres = 25i 
beegahs per mile, which, with 10 per cent, added, comes to Bs. 166 
per mile. ^ 

Channels, IXth Class, 100 feet wide, or 12 acres = 19^ bee- 
gahs per mile, which, with 10 per cent, added, comes to Bs. 127| 
per mile. 

Channels, Xth Class, 80 feet wide, or 9^ acres = 15| beegahs 
per mile, which, with 10 per cent, added, comes to Bs. 102 per mile. 

Besides these spaces for the channel there will be required 
extra land for workshops and residences for the Canal Engineers 
and Subordinates, and for the Station Houses or Chokees, and for 
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the space between the lock channel and main canals in cases where 
the locks are placed on separate channels. This latter item will 
amount to 120 acres or 192 beegahs for each lock channel costing 
Rs. 1,152. 

For residences for Engineers, Subordinates, and work-people. 
Workshops, quarries, and roads, a great deal of land will be re- 
quired at the Canal Heads on both sides. There is abundance of 
uncultivated high open ground, and I think it would be best to 
take up at once an ample space, say of 300 acres (480 beegahs) 
on the west, and 200 (320 beegahs) on the east side of the Soane. 
The land would probably cost much less than the rate of Rs. 6 a 
beegah, which I have set it down at, agreeably to the average rate 
deduced in para. 53 of the Report of 1855 (Appendix A, page xxxii). 

I propose also to allow smaller plots of ground for similar 
purposes at the places where the Head Quarters of Executive 
Engineers of Divisions are likely to be. These will probably be 
four in number, one for each of the main branches of the canals— 
possibly at Bullca or Bebta for the Arrah branch, at Kur- 
roundca for the Sasseram branch, at Daoodnuggur or Urwal for 
the Patna branch, and at the crossing of the Bootana for the 
Tikaree branch. I include 20 acres (32 beegahs) for this purpose 
in the estimates for the main trunks of each of these branches. 

For the other purposes mentioned, the addition of 10 per cent, 
to the extent of land required for the canal and banks will suffice. 

After possession of the land has been obtained^ the first thing 
to be done will be to mark the boundaries by ditches, and to form 
roads of communication along the whole extent. Sums for this 
{iurpose are included in the Baree Doab Canal estimate, but none 
appear in that of the Ganges Canal. In Shahabad and Behar 
there is a great deficiency of good district roads, and the com- 
munication across country, during the rains, and even at other 
periods, is by no means easy. It will be a necessity to form the 
communication, and it is better to have it -expressly provided for 
in the estimate than to charge it to excavation. The work will 
consist of removing jungle and obstades, moderate 'raising here and 
there, temporary bridges, and the a^^eation of sand, and here 
and there a little metal to very bad swampy soils. I allow Bs. 400 
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a mile of the Main Canals, East and West, and of the Sasseram 
branch upper ; Bs. 250 a mile to the other channels down to Class 
VI. inclusive, and Bs. 150 a mile for the rest. 

As all the spoil banks and other spare land will be planted 
with trees, it will be necessary to commence nurseries of useful 
kinds of trees as soon as the land is* taken up, and the cost of these 
nurseries must be provided for in the estimate for construction 
until the canal lines are brought into use, when this maintenance 
will fall naturally upon the working expenses. The estimates 
for the Baree Doab Canal lead me to think that a charge of one 
rupee per beegah of the land occupied will be a sufficient provi- 
sion for the formation of nurseries ; which will thus be an addi- 
tion to the expense equal to one-sixth of the cost of the land. 
Care must of course be taken to select useful trees. The Mango 
and Sissoo should form the principal part of the plantations. 

On the* subject of the excavations I need say nothing in addi- 
tion to the note to the Estimate No. 1 in the Appendix, except 
that no part of the light excavation should be begun till the deep 
cutting work is well advanced. To proceed otherwise would be to 
charge the works with interest on the outlay at an unnecessarily 
early period. It is also to be noted that the passage of the drain- 
age from the roads and local depressions through the high banks of 
the deep cutting is intended to be by intervals left in the banks, 
and not by masonry drains. The drainage oi^he up stream side 
(when the canal crosses the drainage) should be conducted along the 
side of the spoil bank and passed into the inlets or other works 
intended for the reception of the main drainage of the country. 

Section VII. — ^Accommodation for Engineers and Subordinates, 

Workshops, &c. 

. 

* 

In the estimate for this project I have included quarters for 
the Engineers and European Subordinates and Clerks. In so doing 
I ,am supported by the opinion of Sir Proby Cautley ; and it seems 
to me evident that it is in many respects objectionable to have Engi- 
neers and Subordinates engaged in building operations on their own 
account while employed on Government work. The outlay would of 

4 
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course bring a return in the shape of rent to be deducted from the 
salaries of the occupants. 

Of necessity the quarters must in the first instance be tem- 
porary, and it will probably be found economical to construct per- 
manent quarters after a time in preference to renewing the temporary 
buildings. But this should not be done hastily : time should be 
allowed to make sure by experience that the situations selected are 
the most convenient. There would probably be changes of tem- 
porary quarters, for which provision must be made. 

I suppose the Superintending Engineer to have two Assistant 
Engineers (one as a personal Assistant, and one for survey duties) 
and eight European Clerks. I also suppose the European Establish- 
ment for the execution of the works to consist of five Executive 
Engineers, 15 Assistant Engineers, 60 Overseers, and 10 Clerks. 

The following is the scale I have allowed for quarters for these, 
including Office accommodation 


• 

Temporary 

quarters. 

Permanent 

quarters. 


Es. 

Rs. 

Superintending Engineer 

3,000 

12,000 

6 Executive Engineers 0 

10,000 

40,000 

17 Assistant Engineers 

17,000 

68,000 

78 Subordinates and Clerks 

39,000 

1,66,000 

Add 25 per cent, for changes of temporary 
quarters ... / 

69,000 

17,260 


Total 

86,250 

2,76,000 

Grand Total 

8,62,250 
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For each Officer the chargee will appear thus in the Geueral 
Estimate. 



Temporary 

quarters. 

Add 25 per 
cent, for pro- 
bable changes. 

1 

Permanent 

quarters. 

Total. 

Superintending Engineer 


• •• 

12.000 

16,000 

Executive Engincera 


600 

8,000 

10,600 

Assistant Engineers 


250 

4,000 

6,260 

Subordinates and Clerks 


126 

2,000 

2,625 


The number of permanent residences might be somewhat 
reduced^ as part of the establishment will of course be discharged 
on the completion of the works ; l)ut on the other hand there will 
be other Officers appointed for the collection of the revenue. 

The Canal Chokees or Station Houses are, in accordance 
with the custom on the canals in Northern India, of two classes. 
The first class affording accommodation for a few days for an 
Engineer with his Assistant or Subordinate on inspection duty, 
and the second class accommodation for more temporary visits of 
the same sort ; both also having rooms for stores, for native 
subordinates and for servants, and stables. I allow one first class 
Chokee at every Escape which will give a distance of 15 miles on 
the average, and a second class Chokee at every lock and fall, or 
other important work (not bridges) on the IShe, unless very close 
together. The amount required will be found entered in the 
estimate at the rate of Rs. 2,000 for the first and Rs. 800 for the 
second class Chokee. 

The Soane Canals being within 300 to 350 miles of Calcutta, 
♦will not require such expensive workshops as were necessary for the 
Ganges and Baree Doab Canals. I have set down Rs. 50,000 for 
the Upper Division including the Head-works, atid Rs. 10,000 
for each of the other Divisions. These sums are merely for build- 
ings for the workshops and store-rooms. The plant and tools will 
all be provided out of the rates for the work, except the machinery 
and plant, rolling stock, &c., for the Head-works, which has been 
separately provided for. 
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Section VIII. — ^Plan op the Head Works. 

The general plan of these is shown in Plate VIII., and other 
details will be found in Plates VII., IX. and X. ; the two latter 
containing detailed plans of the works. These are on the general 
design which has been arrived at by the Madras Engineers in their 
large exp^Hence of such works; namely, a Dam with a wide 
rough stone apron right across the river, and sluices and locks 
above it, for the supply and navigation of the canals. 

The large Dams established by the Madras Engineers on the 
Godavery and Kistna raise the water 12 and 16 feet respeetively 
above the dry season* level. The former is in four parts (the river 
dividing into four at the head of the delta), having a united length 
of nearly 4,000 yards. The Kistna dam is a single work of 1,100 
yards. The greatest flood rise of the Godavery is 32 feet, and of 
the Kistna 38 feet. The slopes of the beds of the rivers are irre- 
gular, but average 8i and 13 inches to the mile respeetively. The 
foundations of these works rest entirely on sand of unknown depth, 
and the masonry does not reach to more than 6 or 7 feet below 
the summer level, the mass of the work consisting of blocks of 
dry stone thrown into the river bed for a width of 150 or 200 feet 
right across it. In heavy floods the water flows over the whole 
work, and scarcely a ripple indicates the position of the dams. The 
greatest action on the work is found to be when there is but 6 or 8 
feet of water passing over the dams. 

I have already mentioned that the width of the Soane where 
I propose to form the dam is about 3,200 yards. The flood rise 
of the river ordinarily does not exceed 16 feet, and I could find no 
account of the water ever having risen much higher. I assume 
however the extreme'flood rise to be 20 feet. The declivity of the^ 
bed is much greater than in the cases of the Godavery and Kistna, 
being 3 feet p^r mile. 

The first question that arises is as to the height to which 
it will be proper to raise the dam above the summer level. I 
propose not to attempt to ndse it more than 6 feet. This will 
lead to some inconvenience and expense in constructing the works 
Wivvae, 'WsstessL Wg 5eet deep, the flooring^ 
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will have to be laid below the level of the dry season stream 
of the Soane. It will be seen from the sections in Plate IV., that 
^this small elevation of the water will necessitate heavy cutting in 
the first 7 miles of the Western, and 10 miles of the Eastern Canals. 
It also gives' more unfavourable levels for the passage both of the 
Tootla and Kao drainage on the* west, as will be seen further on. 
It moreover deprives the canals of the command of ground for 
irrigation to the extent of about 10 square miles on the west, 
and perhaps 100 on the east* side of the river. But on the other 
hand we have to deal in the Soane with a river of a much greater 
declivity than those of the Madras works quoted, and having a 
less ample flood rise, so as rather to aggravate than diminish the 
violence of its action on the works. Under these circumstances, I 
have not thought it prudent to rest the whole scheme on the 
prospect of success in what might be deemed a work of risk — a 
dam to raise the water surface 12 or 14 feet. But again there is 
another practical consideration which has weighed with me greatly 
in coming to this determination. Not only should we be entirely 
dependent for the success of the whole scheme on the success of 
the dam at the head pf the canals, but we should be unable to 
obtain a drop of water for irrigation or navigation until this great 
work had advanced far towards completion. To attempt to con- 
struct a high dam would therefore be a source not only of risk, but 
of delay in giving the districts the benefit of the water, and in 
obtaining for the capitalist a return for his money. I have there- 
fore rejected the attempt. 

Under my proposal of raising the water only 6 feet, all risk 
of failure in the work itself is avoided, and we shall be able to com- 
mence the irrigation not only before the dam is near completion, 
but before it is even begun. 

The method by which this is managed is as follows Colonel 
Baird Smith in his Beport on the Madras Works has suggested 
that it would be an improvement to place the locks a considerable 


* To raise the canal 10 feet higher 'would place the Tikaree hrauch iu ita 
whole length perhaps 2 miles to .the south of the position now sketched* and give 
it the command of the country between the new line and the old one. 
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distance above the dams^ so as to save boats the risk of being car- 
ried over in those states of the river when such a thing would be 
dangerous^ if not certain destruction. I have adopted this sugges- ^ 
tion^ and placed my lock channel head (see Plate VIII.) half a mile 
above the dam. The lock channel bed on the western side rising 
by regular gradation at the rate of 0*75 foot per mile will reach 
the river with a level of only 4 inches above that of the canal bed 
at its head. But the river surface rising at 8 feet per mile will 
at the lock channel head be 18 inches higher than at the canal head. 
At the latter place the dam is calculated to raise the water 6 feet, 
and the depth of the canal water is 7 i feet ; so that, without any 
dam, there would be li feet of water on the sill of the canal 
sluices; and at the lock channel head there will be (18 minus 4 or) 
14 inches more. Using the lock channel head as a source of sup- 
ply, therefore, we shall get nearly 3 feet of water into the western 
canal without constructing any dam at all. On the eastern side 
we should not obtain so much, because the bed of the canal is at 
its head only 1^ inches below the low water level of the river, and 
the lock channel is only Jths of a mile above the dam ; but even 
here we should obtain 15 inches on the sill pf the Lock Channel 
Head. 


But ftirther it is certain that we shall be able to raise the 
level of the water some 2 or 3 i^et by temporary expedients, 
without the use of a permanent dam ; and I therefore calculate on 
being able to obtain nearly half the supply of water needed to 
fill the canals without the construction of the permanent dam. I 
have consequently not only placed double locks at the heads of the 
lock channels, but have added a set of additional sluices, so as to 
make the Lock Channel Heads efficient as heads of supply for the 
canal while the permanent dam is under construction, and have 
made the lock channel of the same size as the main canal. 

The Lock Channel Head could not be relied upon as the 
permanent canal head, because we cannot, after the temporary works 
for raising the water shall have been thrown out of use, depend 
upon the dry season streams of the river keeping close to the sides 
80 far up the river above the side sluices of fte permanent dam. 
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I have estimated for a temporary dam of piles and clay right 
across the river^ at a cost of Bs. 2,24^469. But it is probable that 
the whole of the work will not be required. It should be con- 
structed in portions, from year to year, as the necessities of each 
year’s demand for water may dictate. 

Mr. Bingham, of Chynepoor,* who has had the opportunity for 
many years of observing the Soane, is confident that the construc- 
tion of a permanent dam might be avoided altogether, by encourag- 
ing the growth of a species of weed which flourishes in patches 
in the bed of the Soane, and occasionally gives rise to the formation 
of islands. I do not share in Mr. Bingham’s anticipations of suc- 
cess from this plan; but there will be no difficulty in trying 
the experiment. 

The plan of the Western Canal Lock Channel Head will be 
found in Plate X. It consists of two locks of 120x16 feet on 
the flanks with five intermediate arches containing each four sluices 
of 8 X 3 feet. A bridge passes over the work at the tail of the 
locks, and below this is a flooring, first of masonry for 30 feet, and 
then of dry-stone for 45 feet more, to protect the tail of the 
works from the effect of the scour. The whole extent of the work 
is 255 X 192 feet, omitting 100 feet of step revetment on each side 
of the river bank. The foundations rest on blocks under-sunk 20 
feet by a process usual in India, and which will be referred to 
more fuUy below. 

The cost of the work as estimated will be Bs. 1,33,943. 

On the eastern side the plan of the work wiU be the same, 
except that there will be only three arches between the locks, and 
that, as the foundations will rest on rock, no block-sinking or step 
revetments are necessary. The cost of the work here will be 
Bs. 60,151. 

It will be observed that the floor of the locks has been laid 
on a level, the upper and lower gates being of the same height, so 
that boats may be admitted when the river is low as well as when 
it is in flood. The flooring will have to be laid at a depth of 
3 feet below the dry season surface level of the Soane. The method 
proposed for doing this will be stated below, in describing the 
proposed permanent dam. 
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Half of the cost of these works may be considered as due 
to the construction of double locks for navigation^ and the other 
half to the use of the works as temporary heads for the irrigation 
supply. The cost of the temporary heads for the canals may 
therefore be set down as 

Temporary Dam Rs. 2,24,469 

Western Head " 66,971 

Eastern 30,075 


Total Rs. 3,21,515 

which sum (even if all were required) would be amply repaid in 
bringing the irrigation into operation 3 or 4 years earlier than 
would be possible if the permanent Dam and Head-works were alone 
to be relied on. It must be borne in mind that the sum realized 
by these means will not be merely the small amount of revenue that 
will be derived from the use of the water in the first three years, 
but the increase arising from the more advanced stage of progress' 
of the revenue during the whole 10 or 20 years the canals may take 
to grow to full maturity of operation. 

But further, if, as is probable, it be found desirable to attempt 
at first only a portion of the works, it will be a great advantage 
to have to charge that portion with these cheap head works only, 
instead of the costly permanent ones, and to reserve the outlay on 
the latter till it might be deemed desirable to carry out the entire 
scheme. 

I now proceed to describe the permanent Dam and Head- 
works, of which the designs will be found in Plates VIII. and IX. ; 
and first the Dam. , 

The works are, in all essentials, of the same plan as has* been 
successfully carried out by the Madras Engineers on the Godavery 
and Kistna. They consist of a masonry dam with dry stone 
apron across the Soane, having side openings, so as to be able 
to discharge something more than the dry season stream of the 
river, without interrupting the road-way across the crest of the 
dam, and to ensure the greatest scour of the subsiding river, and 
therefore the water of the dry season stream, being at the sides in 
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convenient positions to feed the canal heads. The Head Regulat- 
ing Bridges of the canals are placed in close proximity to these 
side sluices of the Dam. The openings in them chiefly consist of 
small sluices in solid dam wallsj so as to be easily worked under a 
heavy head bf water ; but in each head bridge there are two open 
arches of 18 feet width for the passage of boats^ in case of the 
Lock Channel Head being left dry after the subsidence of the annual 
floods. These side openings would be permanently closed for the 
rainy season by massive drop gates^ as soon as the river rises suffi- 
ciently to make the locks above available. 

The sills of the dam sluices are to be 3 feet below the lowest 
summer level, taken *as 347*09 above the zero of the levels — 
that is, they will be at 344*07. 

The crest of the dam will be 6 feet above the lowest summer 
level— or 353*09. The top of the sluice openings will be 2 feet 
below this, or 351*09. 

Hence there will bg a height of 7 feet from the floor to the 
top of the sluice openings ; and a head of 2 feet on the openings 
by the time the dam is topped by a rise of the water. This head 
will give a velocity of about 7 feet per second, with the oiftnary 
co-efficient. 

I propose to make the width of the sluices 6 feet, and to 
give 40 on the western, and 24 on the eastern bank, in all 64. 
These will discharge nearly 20,000 cubic feet per second before the 
dam is topped. This will save inconvenience from slight rises of 
the Soane in the dry season, and will afford ample scour to keep the 
low water channel near the canal heads. 

The crest of the Dam being 6 inches above the intended ftdl- 
supply level of the canals, there will be ample head to produce the 
necessary velocity in the stream, allowing only the same water-way 
through the sluices that is given to the canal channels, viz. : — 

Western (73+lU)x7i=:84ix7i 
Eastern (52+9) X 6^=61 x6i 

Deducting two side openings of 18 feet each for boats, there will 
remain 48 feet water-way in the western, and 25 in the eastern, to 
provide for by means of sluices. I propose however to give 28 

5 
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sluices of 3 feet wide to the former, and 20 for the latter, giving 
the boat openings as extra. The boat arches will be kept closed in 
the rains, and it may be convenient, in case of the river being low, 
to work the canal with the smaller openings only, under a low head. 

I have de\iated from the Madras model in the block-sink- 
ing for the foundations of the masonry. The Madras dams have 
blocks or wells sunk, sometimes only in a single row, 6 or 7 feet below 
the dry season stream. I have proposed a double row of blocks 
sunk 20 feet, the two rows breaking joint. The advantages I expect 
to gain by this are first, additional security for the work, and second- 
ly, an increase of the supply of water. The first advantage I do not 
lay much stress on. The Madras works ^e perhaps sufiiciently 
secure as they are,* and the peculiarities of the Soane with a dam 
of only 6 feet high do not imperatively require such additional 
security. Still it is an advantage. 


* 'Ihe fuHowing account of an accident to the Godavery works shows that 
deeper foundations would he advantageous, though %ouhtle8s increased breadth of 
dooring may he relied upon for security in preference to greater depth. 

^Extract from Captain Orr^s Report, No, 181, dated \^th June 1850. 

Para. 2. I have delayed the transmission of the above Statement for a few days, 
having to report the partial destruction of the Rallee under sluices, and not being 
able hitherto, to say how far the damage sustained might extend. The river began to 
fill on the 9th instant, and has risen steadily till it is now passing 10 inches deep over 
the highest part of the annicut. While the water was rising to the level of the 
annicut, the whole river passed through the Dowlaiswaram and Bailee under sluices, 
which discharged it with intense and increasing velocity. On Monday morning, the 
17th, it having been observed that the rough stone apron behind the Bailee under 
sluices had sunk, the vents were closed, and immediate measures were taken to fill 
up the hole left behind the rear retaining wall. By 2 p. m., some progress had been 
made in replacing the s^one, and I considered the work safe for the short time re- 
quired to make up the apron to its full breadth j when suddenly, theVessure was seen 
to force the sand from beneath the foundation into the hollow behind the rear retain- 
ing wall, and instantly a portion of the masonry apron fell in, foUowed by the sub- 
sidence of one of the piers. Pier fell after pier, but the tenacity and massiveness of 
the masonry was such, that in felling it formed a dam, preventing any great rush of 
water, and thereby giving time for measures being taken to check the extensiqp of 
the damage. Up to this time, seven out of the fourteen piers have fallen, leaving 
the two abutments and seven piers still standing, though two of the latter are much 
shaken. No change has taken place since last night; and as rough stone is rapidly 
being thrown in to protect what remains of the sluice, I trust no more of it will be 
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To the second reason I attach the chief importance. The bed 
of the Soane^ 2 miles wide^ and consisting^ as I suppose^ to a great 
depth of coarse sand and shingle^ is an immense filter. The visible 
stream of the dry season is only a part of the discharge of the 
river, and is the part which is most affected by the vicissitudes of 
dry and wet seasons. It had fallen to 950 cubic feet per second 
in May 1861. Now if we interpose such an obstacle as a double 
row of blocks 20 feet deep across this filter, it will, I doubt not, force 
a large increased supply to the surface. The Canal Officers of Upper 
India are familiar with the fact that even when the Jumna Canals 
absorb the whole visible stream of that river, the water appears 
again a few miles down, and 30 miles below the dam is in 
most places unfordable, although it receives no affiuents. Sir P. 
Cautley calculates the portion of the percofation which thus again 
rises to the surface as not much less than half the visible discharge 
of the river. (See his late Report on the Ganges Canal, Vol. I., 
pages 42 — 5.) 

Referring to the eAnate at pages lix., lx. of the Appendices, 
it will be seen that the total cost of the Dam is estimated by 
me at Rs. 11,29,269. The foundation blocks contain l,2gl,426 
cubic feet of masonry. If the two 20 feet lines were exchanged for 
one of 10 feet, we should save fth of this, which at Rs. 15 tfie 100 
feet comes to Rs. 1,44,160 ; half the cost of the curb frames, or 

lost, and that no breach at the spot will be formed. If successful, as 1 hope, in 
preventing the latter, the rebuilding of the sluice will be no difficult matter, and 
will only affect the completion of the work so far as the loss of the use of the sluice 
will delay the lowering of the level of jpie river at the end of the freshes. 

3. The cause of this misfortune is clearly the inadequacy of the masonry 
apron, which instead of being 25 feet, ought to be 20 yards wide at the least, in 
rear of the vents, and the insufficiency of the rough stone apron, which, though 
made far stronger than was originally intended, and appearing substantial enough, 
as far as my judgment and experience could decide, has proved quite unequal to 
resist the force of the discharge through the sluici, even when the annicut is only 
10' 10'* instead of its ultimate height of 14 feet. The rough apron in rear of the 
Dowlaiswaram under sluice, although exposed to a more severe test, has hitherto shown 
no signs of weakness, which 1 attribute to its having been severely tried three succes- 
sive years, and at the end of each greatly strengthened by the addition of more 
stone, till it has acquired sufficient thickness and stability. The Bailee sluice apron 
unfortunately has not thus been gradually tested. As a matter of precaution, how- 
ever, 1 have partially closed the vents of the Dowlaiswaram sluices, and will take 
the first opportunity to examine and, if necessary, to further strengthen its apron.— 
i^oi» the Madras JEn^ineerFwpers, Vol, III,, page 151. 
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Bs. 18,475; and, as explained in the note below,* seven-tenths 
of the cost of sinking on each block retained, or Rs. 1,26,630 in 
all, which, with a share of the sum allowed for contingencies, 
come to Rs. 3,02,678; leaving the cost of the dam reduced to 
Rs. 8,26,591, exclusive of the cost of plant (Rs. 2,60,000.) In- 
cluding the plant, the reduction would be from Rs. 13,79,269 to 
Rs. 10,76,691. This is the largest reduction that could be made 
on this account in my estimate ; but I would recommend that the 
estimate be allowed to stand in full. 


* The English Engineer will finl the process described in papers by Sir 
P. Cautley in the “Corps Papers” of the Boyal Engineers by Vol. I. page 60, and 
Lieut, (now Lieut. Col.) Yule,Jn the 1st Volume New Series of the Professional Papers 
of the Iloyal Engineers, 1861. 

Lieut. Col. A. G. Goodwyn has deduced from his experience on the Ganges Canal 
works the approximate rule that the cost of sinking may be taken at Bs. li per 
100 cubic feet of the crater that it would be necessary to form to build the block 
dry iu the position in which it is finally intended to — that is, the cubic content 
of the frustruiu of a pyramid or cone of which the point is downwards, and the 
small end equal to the area of the horizontal section of the block, the sides being 
at the angle of 45* with the horizon. But if the blocks be sunk contiguous to each 

other, the crater must be taken for the whole set, and each wiU bear its share of the 

* 

totaL This is because the blocks mutually precipitate each other’s descent in such 
cases. Calculating in this way the sinking of the blocks 13 x 7 in one line across the 
8oane would cost Rs. 91 each if 20 feet deep, Ks. 65^ if 15 feet deep, and Us. 37^ if 
12 feet deep. Us. 28 1 if 10 feet deep, &c. 

The 20 feet blocks in the head works, being uniformly of the full size of 13x7 
1 haye taken the cost in sinking Rs. 100 each. 

15 feet blocks in the other works, wl:^ there is a considerable mixture of 
snuUler sizes, 1 have taken at Us. 60 each block all round. 

12 feet blocks in like manner, 1 have taken at Rs. 30 each. 

The narrow rectangular block which I have almost uniformly adopted in the 
designs is one that was strongly recommended to me as much more easily worked 
than either wells, or blocks with several hollows. The experience of Engineers, 
however, differs on this point. On the Ganges Canal long narrow blocks were found 
more difficult to manage than others. On the Railway bridge works at the Soane 
great advantage was derived from substituting large wells* of 18 feet interior diameter 
for the clusters of sm^ wells which at first were tried. The suitability o/the 
long narrow blocks for the dam across the Soane is obvious. Experiment alone can 
decide what kind of block u ill be the best on the whole. But it must not be forgotten 
thatVe may be able to dispense with block-sinking altogether, except for the dam and 
head works; and for these it may be found better to introduce the pneumatic process 
which has lately been tried with success on the Eastern Bengal Railway works. 



PLAN OP THE HEAD WOUKS. 


8T 


The dam, it will be perceived, is to consist of a plain wall of 
good rubble masonry supported on this double row of blocks which 
has just been discussed, with a dry stone apron of 135 feet wide 
all along the down-stream side of the masonry. This dry stone 
apron in fact is the largest item of expense in the dam. No work 
of the kind has yet been done in this Presidency ; but I find in the 
]!%dras works that the rate for such work has been as nearly as 
possible 10 annas per cubic yard, or in round numbers Rs. per 100 
cubic feet. This rate does not include, as I understand, any portion 
of the cost of the plant and rolling stock for the railways used 
to convey the stone from the quarries to the site of the works. 
This plant (or rather the whole plant, of which this was I 
believe the greater part) as set down in the last account of 
the Kistna works (Madras Engineer Papers, Vol. IV., page 70.) is 
Rs. 1,41,142 on a total outlay of Bs. 7,49,367* including the Head<« 


* I give the table in all but the columns referring to the individual 
month's work, and the annas and pies. 


Description of Work. 

Estimated. 

Total amount and 

p VALUE OF WORK PEB* 
FOBMED UP TO THE 
END OF Apbil 1855. 

Cubic 

yards. 

Amount. 

Hs. 

Cubic 

yards. 

Amount. 

Hs. 

Hough stone 

ib28,602 

1,57,164 

8.72,744 

2,56,262 

Hubble 

63,916 

1,28,060 

61,663 

1,22,711 

Cut-stone 

16,223 

82,225 

5,499 

27,495 

Partially dressed stone 

1,092 

3,276 

3,479 

10,439 

Brick in chunam 

2,001 

6,429 

1,693 

4,777 

Earth-work, excavating foundations, 





&c 

7,76,000 

48,437 


63,072 

Wells No. 

2,299 

.16,467 

1,784 

12,488 

Contingencies, sundries, plastering, 





&e. ••• ,,, a,. 

... 

1,03,800 



Plant 


1,11,407 


1,41,142 

Pay of Officers, superintendence, &c. 

• •• 

86,936 

tee 

68,773 

Grouting ... 


6,000 



Opening quarry 

• •• 

7,000 

• •a 

7,303 

Sluice shutters No. 

62 

1,860 

• sa 

2,940 

Lock gates, pairs 

6 

9,600 


10,247 

Embanking river ... 

... 

1,000 

• •• 

80 

Total 

••• 

7,66,541 

... 

7,27,730 
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works as well as dam^ the latter being, as before stated, 1,1 00' yards 
long. Having no experience as to the cost of work of this kind 
on a large scale in this Presidency, I have not thought it safe 
to estimate so low as the rate which was obtained for the Madras 
works, although there is no material difference in the price of 
labour, as far as I can ascertain, and though the carriage will be 
for a less distance than in the case of the Godavery works, but greater 
than in the case of the Kistna. I have taken the rate at Bs. 4 j 
per 100 cubic feet and have allowed besides Rs. 2,50,000 for plant, 
as a separate charge. The dry stone-work done on the Ganges and 
Baree Doab Canals is generally rated at B»s. 6 to 6^ the 100 cubic 
feet, but this is without the assistance of carriage by rail. The 
rate I have assumed, if the plant be included in the cost, will 
amount to about Es. 6, so that I feel confident that the rate is a 
safe one, and hope that some saving will be effected in the execution 
of the work. The plant will chiefly consist of rails and wag- 
gons. The experience gained on the Ganges Canal works points 
out that all the iron-work should be obtained direct from England, 
and that the waggons should tilt to the side and not in front. 

The stone will be obtained from the river bank or any part of the 
low range of hillir shown in Plate VII. on the right or east bank 
of the river, and from the foot of the Kymore range, 2 miles dis- 
tant from the river bank, on the left or west side. Considering the 
width of the river, the average distance of carriage will probably 
amount to three times the distance in the case of the Kistna works 
where the stone quarries were close to the works ; and the distance 
of the proposed site of the Soane Canal works from the sea will 
enhance the cost of the carriage of the iron-work to the site. I 
think therefore the cost of the plant cannot safely be estimated 
at less than 2^ lakhs of Rupees, being an increase of 60 per cent, 
on that for the Kistna works. In this I include the cost of laying 
down the rails with all the works necessary to that end. I have 
not thought it necessary in the present stage of the project to go 
into further detail as to the Railways and other plant. 

I have already stated that the flooring of the side sluices of the 
Dam will have to be laid 3 feet below the ordinary surface level of 
the diy season stream of the Soane. I now describe the method 
proposed for doing this. 
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The stream must first, if necessary, be turned, and the channel 
filled up with sand to the water level. The masonry blocks will 
then be sunk all round the space on which the floor is to be laid, 
the last 5 feet of the block being built upon a thin wooden frame, 
so as to admit of being broken up afterwards without disturbing 
the masonry below. Then the sand is to be excavated as far as 
possible from the outer side of the blocks for 15 or 20 feet, and 
clay rammed down to the depth of at least 6 or 8 feet. The bloclq^ 
will also be filled in with clay to within 5 feet of the top. The sand 
will then be excavated from the whole interior space to a depth of 
8 feet below the water. This may be facilitated by raking it together 
by means of large hoes drawn by ropes. Having excavated the 
sand, concrete will be thrown in (using boats) unslaked, either in 
thin bags or loose, and will then be well rammed, so as to secure a 
3 feet layer all* over the area to be floored. As soon as the con- 
crete has set, the water will be pumped out, the upper 5 feet of the 
blocks will be removed, and the flooring (2 feet thick) laid dry in a 
water-tight (or nearly water-tight) cistern 5 feet deep, of which the 
clay will form the sides and the concrete the bottom. I have allowed 
Bs. 50,000 in the estimate, in addition to the cost of the blocks 
and concrete (charged at the same rate as masonry), to cover the cost 
of this work, and such other diversions of the stream and removals 
of sand as may be necessary during the progress of the works. 

In the Madras dams the flooring of the side sluices, owing 
to the great degree in which the level of the water was raised, 
was not below the level of the summer stream. The following 
extract from Captain Orr^s Report* of 30th July 1852, shows the 
method used by him to fill up, and carry the dam across, the chan- 
nel of the dry season stream, which in the Kistna was much 
deeper than anything we have to deal with on the Soane 

3. — ^The foundations of the under sluices, at each end of the 
annicut, will be laid as soon as the river shall have fallen sufficiently ; 
and their construction will be pushed on as rapidly as practicable, in 
order that, if possible, the floors may be laid during the season, 
so as to allow the vents to be made use of the following year 
as outlets for the river, while the body of the dam is in progress. 

Madras Engineer Papers, Volume lY., page 38. 
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" 4.— It has been found at the Godavery, that, when the body of 
the annicut rested on a mass of loose stone thrown in to fill up 
hollows in the river bed, as at the sites of the various breaches 
that occurred during the progress of the work, it was not only 
difiicult, but almost impossible, to render the dam water-tight; 
the leakage at those places being not mere percolation, as along 
the rest of the work which was supported on wells sunk in the 
sand, but strong continuous streams, flowing at a great depth 
through the large open interstices of the rough stones, as through 
inverted syphons. As there can be no doubt that the same thing 
would occur here, wherever the annicut should rest upon rough 
stone thrown in to fill up the hollows in the bed of this river, it 
is my intention not to fill in these hollows on the line of the body of 
the work, but on that of the apron, and then to fill up in front to 
the proper level with sand, on which wells will be sunk and there- 
on the annicut be built.^^ 

In the plan of the side sluices of the dam I have deviated 
from the Madras model in keeping the road-way over those open- 
ings on the same level as the rest of the dam, instead of raising it 
by a gradual slope to the level of the top of the river bank. In 
the Madras plan the road- way over these side sluices forms the ramp 
by which to ascend from the level of the dam top to the embank- 
ment at the river side. In my plan the ramp has to be formed as 
a separate work by excavation within the embankment. My object 
in this change was simply to avoid the additional obstruction to 
the stream which the raised mass of masonry at the flanks causes. 
I do not think that there is any objection to this change on the 
score of courting too much action on the side of the river near the 
works, considering the ample protection given to the bank. 

Nor do I think there will be any difficulty in working the 
simple apparatus of vertical stop boards to the openings in the side 
bridges. They may be secured by ropes to the shore, and so 
removed without difficulty in case of any very sudden rise of the 
river. It is however very imlikely that any such rise would take 
place as to render it difficult to remove the stop boards by degrees 
by hand. 
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The cost of the Head Begulating bridges, as will be seen in 
Estimate No. 3 in the Appendix, is for the 

Western Canal ... ... Bs. 1,46,346 

Eastern Canal ... ... 33,71^ 

The great difference arises, first from the larger size of the 
Western Canal; second from the Eastern Canal Head-bridge being 
founded on rock, and third from the cost of protective works along 
one mile of the river bank being included in the Estimate for the 
Western Canal Head-bridge, to the amount of Rs. 40,052. 

Section IX. — Alignment op the Canals. 

A , — Western Canal y Main Line, 

Passing from the head works the canal will soon come to 
the deep cutting west and north of the village of Tooma or 
Toomba. This deep cutting is, as has already been mentioned, 
occasioned by the small degree in which I have thought it proper 
to raise the river water by the Dam. The most suitable line for 
the canal to take, as regards level, would be through the village of 
Tooma; west of it deep cutting is necessary, and east of it there 
is only low land liable to flood. A similar case will be noticed on 
the right bank of the Soane, where there is low hhadlr land, and 
where, as here, the villages are placed on the very lowest safe portion 
of the high bank above it, so as to be as near as possible to their 
cultivation, and yet out of the reach of thef floods. I have not 
thought it worth while to disturb the village, though doubtless the 
cost of constructing a new one and taking the canal through the 
land now occupied by the village would be cheaper than the 
present heavy cutting. 

After passing Tooma the canal line is kept as low as possible 
(sec Section F, Plate IV.), but still in heavy cutting, to nearly the 
end of the 7th mile, where it comes upon the Tootla drainage, 
which is sketched in some detail on Plate IV. Three 10 feet inlets* 
are required at the sites shown in Plate VIII., and two others 
for small water-courses at the end of the 2nd and in the 5th mile. 
Two larger nalas at the end of the 3rd, and in the 6th mile are 

* Plate XIII. contains the designs for Inlets and Escapes. They arc on tlio 
ordinary plans, and do not require any special remarks. 


6 
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provided for by 20 feet inlets ; but, if possible, they should be passed 
over the canal by bridges which will not the less answer for ordinary 
village communication, so that the arrangement will tend at once 
to efficiency and economy. 

The small River Tootla drains about six square miles of 
country on the table-land of the Kymore range, from which it 
descends by a fine water-fall (in the rains) and runs for about three 
miles in the plains till it comes to a flat tract, in which it is lost. 
The channel when it emerges from the recess in which is the water- 
fall, is above 100 feet wide, with a boulder bottom. Where the 
canal line of 1857 crosses it (Plate IV.), it has a bold well defined 
channel, of the Section shown in Plate IV. But after that it 
begins to diminish in width and depth till it becomes a ditch 2 feet 
wide, and then finally disappears in the flat tract marked on the 
map, which becomes a swamp or jheel in the rains. Into this also 
run, and in like manner are lost, the other water-courses from the hill 
side further north. (All these channels are dry, except during the 
rainy season.) 

A reference to Sections G and H will show the cause of this 
phenomenon— it is simply that there is no fall of the ground towards 
the Soane, and only a very slight fall to the north. When the 
floods are severe they chiefly find vent by the channels which again 
issue from the jheel towards Tilothoo, But in ordinary cases most 
of the water in this natural reservoir is used for the rice crops, and 
issues finally by the passages south of Maharajgunj, south of 
Putlooka, and west of Iloorka. Near Maharajgunj there is a dam 
to turn the waters north-east. 

The whole of |jhe drainage collected in this bason is that of 
about 6 square miles in the hills and 16 in the plains, or 22 square 
miles in all. Sir P. Cautley estimates the maximum flood discharge 
in such cases at half an inch per hour from the whole area, which 
gives 323 cubic feet per second from each square mile. The whole 
discharge in this case may therefore be reckoned at full flood as 
hqual tp 7,106 cubic feet per second. But again we have the level 
of the bed of the Tootla where it issues upon the plains 379’17 feet 
above datum, and where it is crossed by Section G. in Plate IV. 
it is 359’49. The diflerence is 19‘68 feet in about two miles. 
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The area of the section at the point where the canal line of 1857 
crosses is 322 square feet, and the flood height here is well known, 
being close to the Indigo Factory bridge. The ordinary rules give 
a velocity here of 9*22 feet per second, and hence we have a flood 
discharge of 2,968 cubic feet per second for the Tootla alone, 
which carries rather less than half the whole drainage. Hence the 
estimate of 7,106 feet per second for the whole drainage, as cal- 
culated in Sir P. Cautley^s method, is confirmed by this independent 
determination. 

It will be seen that the canal line enters the jheel at the 
end of the 7th mile, and from this to the end of the 8th the levels 
are awkward, the canal being in 12 feet cutting, and having its 
surface therefore feet below the soil above which is the jheel 
water. The drainage water might be carried over the canal with 
ease, but for the necessity of preserving a good head-way for 
navigation. To carry it through the canal at such levels would 
be very awkward ; and the only alternative of passing it under the 
canal requires deep and costly syphon drains.* I have designed five 
of these, with 10 openings of 6x5 feet in each. Each drain of 
10 openings, under a head of 1 foot of water on the up-stream side, 
will pass 1,500 cubic feet a second, and will cost Rs. 57,313 if under- 
sunk foundations are necessary, or Rs. 42,838 with ordinary founda- 
tions. For &v9 drains the cost would be Rs. 2,86,565 or 2,14,190, 
according to the nature of the foundations. I propose to place them 
as nearly as possible where the drainage now crosses the country — 
three in the 8th mile, one near the end of the 9th, and the fifth 
near the end of the 10th mile of the canal line. 

By cutting channels for the drainage, however, from the canal 
line towards the Soane, we shall be able to reduce the level of the 
drainage water, and so pass it by dam, or by less costly syphons. 
I have preferred the latter expedient at a cost of Rs. 3,10,980, to the 
former at a cost of Rs. 2,30,290. The advantage of keeping the 
drainage water out of the canal more than makes up for the difler- 
ence of cost. The Estimates in both cases include the cost of 
under-sunk foundations, and if we are able to dispense with these. 


♦ Plate XI., and Appendix, page Ixxvi. 
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the amounts will be reduced to Rs. 2,31,695 and Rs. 1,56,785 res- 
pectively. The details of the works will * be found in Plate XI., 
and in the Estimate No. 5, Appendix, pages Ixxvi. to Ixxx. 

The necessity for such expensive works for crossing this com- 
paratively small drainage, suggests the possible advantage of 
adopting some other line where less costly works will answer. 
I do not think, however, that any better line can be had. To go 
further towards the hills would certainly enable us to cross the 
drainage at a better level, but it would necessitate heavier cutting 
or very great and undesirable winding of the channel. The only 
line further east that is at all likely to succeed better is one carried 
nearly along the line of the road parallel and near to the Soane 
bank, which I first proposed for the Western Soane Canal. On this 
tlic Tootla and Bustipoor nala would be crossed near the Soane, 
where they are well developed and have large defined channels. 
To reap the whole advantage of this line in crossing the drainage 
where fully developed, it would be necessary to carry the main 
line to Bustipoor near Dehree, which would make the detour for 
the Sasscram Branch very great. On the whole, 1 do not antici- 
pate any advantage, but it would be satisfactory to have this alter- 
native line fully investigated before the line I have proposed is 
finally adopted. 

The main line terminates after 10^ miles, andMivides, at the 
end of the Tootla drainage valley, into the Arrah and Sasseram 
Branches. 


JS,-^ArraA Branch with its snhordinate lines. 

The Arrah Branch is to carry 877 cubic feet per second, with 
a width at bottom of ^42^ feet, 5i feet depth of water, and 1*04 
feet of fall per mile. It divides into branches as follows ; — At 
32 miles from the main canal head it gives oflF the Ranipoor 
Branch, at 404 miles the Peeroo Branch, and at the 56th mile 
the Nansaugor Branch. The Peeroo Branch also gives off the 
Jugdispoor Branch. The dimensions of all these will be found 
given in the Table in Section 5. 

At the 13th mile from the Head of the Main Canal, the 
Arrah Branch crosses a small ill defined nala near Nowadeeh. 



ATIRAH BRANCH, &C. 


45 


This nala drains an area of 4 square miles, and its greatest dis- 
charge may be reckoned at 1,300 cubic feet per second. It might 
therefore well be passed under the canal in the same way as the 
Tootla drainage, but at less cost, the levels being more favourable. 
I have however laid out the Section to cross it on a level by inlet 
and dam. This I think should be altered in executing the work, 
and I hav^ provided in the estimate Rs. 50,000 for the passage of 
this drainage by syphon or aqueduct, the fall being removed from 
the 13th mile to the 14th, that is, below the passage of the nala. 

This is I believe the last drainage that will have to be passed 
across the canal on this line. For the rest of its course it should 
keep on the water-shed of the country. It is evident that an 
error has been made in laying out the latter part of the Arrah 
Branch, which should proceed from the 54th mile west of 
Buroonan on Section S, to near Shapoor on Section T and to near 
Kusap on Section V, falling into the Bunas near Usnee. The detail- 
ed examination of the country does not however extend beyond the 
Grand Trunk Road,* and I can only say with Sir P. Cautley : — 

The want of detailed surveys of the superficial lines of drainage 
and hollows which intersect the surface of the country over which 
the line of canal runs will prevent my entering into a description 
of the subordinate cuts which will be required for relieving the 
canal and the country from intercej)ted drainage. The rule, how- 
ever, which I have before adverted to, as that which have been 
our guide in the main canal works, is, I believe, to be recom- 
mended, viz., to draw away from the canal alignment all inter- 
cepted water, and to carry it by artificial cuts into the natural lines 
of drainage lying on the right and left.” — ^Volume I., page 395, 
Sir P. Cautley^s Report. 

* The best method of completing the detailed survey of the country will be 
this ; — First to obtain from the Surveyor GeneraFs Office tracings of the Village 
Maps of the Revenue Survey, which may be carefrlly combined so as to produce 
sufficiently accurate maps of large tracts of the country on a scale of 4 inches to 
the mile. The topographical details of these will be found very imperfect, as the 
Revenue Survey, at the time Shahabad and Behar were surveyed, undertook no 
details that were not required for Revenue purposes ; but these maps will give a 
good basis on which to work. The plots of the levels, and detailed compass surveys 
of parts of the country requiring close attention should be inserted in these maps, 
and the topographical details otherwise improved. 
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But though there should be no direct drainage to pass across 
the lower parts of the Arrah Branch, there are flood waters from 
the Soane to be dealt with as follows : — 

The Soane floods first appear on the west bank at Umeawur 
south of Nasreegunj (Plate V.,) in the 31st mile of the canal 
line, but they do not cross the country, and may easily be embanked 
off or avoided by a slight change of line, so I understand from 
Captain Farrington^s note on the subject. 

The next point where the floods are met with is just above 
Nonore, where they cross both the Arrah and Nansaugor branches 
but in very slight volume. An inlet of 100, and escape of 150 
feet will be provided in the estimate on the Arrah Branch, but it 
will possibly not be required in actual construction. 

Below Turkoul the Soane floods pass nearly due north to the 
angle of the Nugree in considerable volume, passing the Nansaugor 
branch in the 13th and 14th miles. Again from about Bishoonpoor 
to Purhungj)oor there are, here and there, heavily flooded tracts, pass- 
ing the branch from the 16th to the 21st mile. The depth of flood 
does not appear any where to exceed 3 feet in ordinary cases. As 
the Nansaugor branch is little more than a ditch, I do not propose to 
make any provision for the passage of these floods beyond leaving 
ample openings in the spoil banks and supplying regulating planks to 
one or two bridges to prevent the floods passing down the line. In 
ordinary cases they will probably do very little injury, and whatever 
damage they do may be repaired annually at no great cost. 

In connexion with this subject it may be noticed here that 
there are a few native irrigation channels from the Soane on this 
bank, which are used pnly for conducting its flood waters in the 
rains. They are what in the Punjab would be called small 
Inundation Canals. In Behar they are called Tyem. One passes 
the Arrah branch at the end of the 42nd mile into the at 
Dunwar. Another flows into the country a short distance above 
Behta (at the 43 i mile) ; it probably joins the head of the 
Banas to the Soane; and a third extojads from Undharee to 
Junpooreea, crossing the canal at the 49th mile. Inlets and escapes 
are provided for all these, but they will perhaps not be required, as 
the canal irrigation will supersede the use of these Pyens, 
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The termini of the Arrah and Nansaugor Branches have been 
carried in the lines of levels by Captain Farrington beyond the Rail- 
way. This was not intended by me, and should be altered when 
the lines are finally laid out. 

C, -—Sasseram Branch and its subordinate lines. 

The Sasseram Branch where it leaves the main canal is to 
have a discharge of 1,091 cubic feet per second, a widtli at bottom 
of 49 feet, depth of water 6 feet, and fall per mile 1 foot. 
From the bifurcation of the main canal the line only runs 7 miles 
to Kuroundea, where it divides into three branches for irrigation, and 
one for navigation. 

These are the following : — 

Sasseram Branch (lower part), 

Jugjeewun Branch, 

Buxar Branch, 

and Sasseram Navigable line. 

From these again are given off the — 

Chowsa Branch, 

Buradhee Branch, 

Doomraon Branch, 

Kochus Branch, 

the Navigable line to the Kurrumnassa, 
and the Main Navigable line to Benares. 

The discharge and dimensions proposed for all these will be 
found detailed in the Table, Section V., and their directions are 
sketched in Plate III., except the Kurrumnassa Navigable line, 
which, however, is parallel to the last portion of the Chowsa 
Branch. 

No part of the lines for these branches has been examined in 
detail, except that of the upper 7 miles of the Sasseram Branch, 
where it is intended to retain the full discharge of 1,091 cubic feet 
per second; and of this the line can hardly be considered as settled. 

It will be observed that the line adopted is nearly straight 
from the bifurcation of the main canal to the Kuroundeea trifur- 
cation. (See Plates IV. and XIX.) The line passes inside the 
Gonyla Hill, and will be in rather deep cutting for the whole distance 
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to the point where it crosses the Kao. There are four small 
drainage channels crossed, two near the end of the 12th, and two 
near the end of the 13th miles. These four do not drain in the 
aggregate much more than one square mile, and may be admitted 
into the canal by inlets with drops. Two 10 feet inlets may 
with a little cutting be made to answer. The cost may be set 
down at Rs. 9,000. The next drainage crossed is the Dhodand Nala, 
which intersects the line near the end of the 14th mile and carries a 
drainage of under 3 square miles. This will, I think, be best disposed 
of by a cut of li mdes to carry it, together with the next nala cross- 
ing the line at the 15th mile, into the Kao. The cutting required will 
will be on the average about 8 feet by 30, or for the mile and a half 
say 2 millions of cubic feet, at Rs. 2 per 1,000 = Rs. 4,000. But 
I suppose it will be necessary to give two bridges, each of one arch 
of 28 feet, which will cost Rs. 14,000 more, making Rs. 18,000 
ill all. The drainage will be cheaply disposed of at this sum. Add- 
ing the Rs. 9,000 abojre mentioned for inlets, the total charge for 
minor drainage works on the line will be Rs. 27,000. 

The River Kao has been described in para. 32 of the Report of 
1855. The branch wliich forms the Kao may be reckoned to have 
in all a drainage area of 25 square miles, and an extreme flood dis- 
charge of 8,100 cubic feet per second. 

The Kao is crossed near the end of the 16 th mile, where it has 
a width of 58 feet and a depth in flood of 14 feet, between hard 
well defined banks. The site would be an excellent one for an 
aqueduct, but the levels unfortunately forbid this. The bed of 
the river is 5i feet below the bed of the canal at the crossinff. and 
the flood level li feet above the surface level of the canal at full 
supply. By altering the position of the fall and lochs so as to 
place them above the crossing, the levels might be so altered as to 
bring the bfed of the canal 3 feet befew that of the Kao, and the 
surface level of the canal 9 feet below that of the river. In this 
position the river might with no great difficulty be forced over 
the canal, were it not for the necessity for providing head- way for 
navigation. I have therefore of necessity designed a dam for this 
crossing. It consists of six openings of 10 feet each, giving 840 
square feet of water-Avay ; an upper bridge is added on the line of 
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the western bank of the canal (the dam bridge being on the east) ^ 
and curtain walls across the canal bed ; and the space between them 
and the bridge is floored over. The estimated cost is Rs. 

But the water-way of S40 square feet, though more than the 
natural channel of the river possesses, is little enough to pass a 
flood of 8,000 cubic feet per second. I have therefore proposed 
fui’ther to place an inlet of 50 feet water-way upon the nala which 
issues from the Kao above, and rejoins it with some additional 
drainage below the canal crossing, and to give an escape on this 
nala of nine openings of 10 feet each, being 720 more square feet of 
water-way. This escape will also serve for the regulation of the 
canal waters above the trifiircation. 

The cost of these works would be — 

Rs. 

Inlet ... ... ... ... 5,000 

Escape ... 15,500 

Total ... 20,500 


A Fall and Locks for an 8 feet descent are required imme- 
diately after the passage of the Kao, and are sketched in on Plate 
XIX. 

The Barrier Bridge and Lock Channel Heads above the fall may 
serve as regulators to stop the flow of the flood waters down the 
canal. Three more inlets of 10 feet opening each will be necessary 
before we come to the trifurcation, one of which will be taken in 
at the lock head in lieu of a Distributary issuing there, as the levels 
will not admit of irrigation on the west side. It will also be neces- 
sary to take the drainage into the Sasseram Branch below the tri- 
furcation by 10 feet inlets in two cases, but after passing Adampoor 
(Plate XIX.) it will appear from the Section to Plate HI. that the 
drainage may be carried by cuts into the Koodra, and from this 
point the canal lines depopdent on the Sasseram Branch should be 
free from all entrance of drainage water. 

In consequence of the escape being placed upon the Kao 
above the Grand Trunk Road crossing, it will be necessary to cons- 
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tract a road bridge over the Kao for the Grraad Trunk Road. 
The existing one is only of two arches of 12^ feet span each ; and 
though tfie waters of the Kao are a good deal dispersed between 
the points of crossing by my canal line and the Grand Trunk 
Boadj the water-way is even now insufficient, and the bridge cannot 
be relied on for any extra duty. I propose therefore to give a bridge 
similar to my design No. IV., of two arches of 28 feet span, at a 
cost of Rs. 10,000. The Trunk Road will also have to be diverted, 
as shown in Plate XIX. The length of new road to be made will 
be about 5,000 feet, which with an embankment on the average 
6 feet high, and 40 feet wide at crest, and 5,000 running feet of 
metalling 20 feet wide and 9 inches thick, will cost about Rs. 7,000. 

Although the plan proposed for passing the Kao would, I 
believe, answer, and is cheap, it is inconvenient and not altogether 
satisfactory. I think it proper therefore to point out two alterna- 
tives. One is to change the line of canal and pass to the east 
of the Gonyla Hill, crossing the Kao below the Grand Trunk Road 
crossing. The only advantage of this line would be the avoidance 
of a dam with so great a depth of water for the passage of the 
Kao. We should in fact then take the floods in detail instead of 
meeting them all in one body. This would ^perhaps make the 
works simple, and cheaper, but it would multiply the points at 
which ,wc should have the annoyance of meeting the flood waters. 
I do not therefore think it promises well ; but it would be proper 
to have the country examined before the works are finally set out. 

The other plan is a more tempting one to the Engineer ; and, 
if circumstances should prove so favourable as not to make it too 
expensive, would be }n every way very satisfactory. It is to adopt 
the line dotted in on Plate XIX. and terminating near the Village 
of Bussuntpoor; to seek a crossing higher up the Kao, where the 
banks may prove more bold and the soil (as I believe it will be found) 
firm clay, and then to force the Kao, by a super-passage and subse- 
quent drop, over the canal. Then to make for the Gae Ghat 
Pass, and take the canal through it by a tunnel, using the excavated 
material (the rock is good hard sandstone) for the works, and taking 
advantage of the rock to place there a second fall. The dotted 
Cttrvas indicate the lines for the lock channels in this case, the 



SASSERAM BEANCII, &C. 


51 


locks being supposed to be on the flanks of the fall in the tunnel 
or cutting, as in the case of the passage of the Kaneepoor and 
Puttree torrents over the Ganges Canal. The tunnel or cutting 
through thecae Ghat Pass is not however an essential portion of 
the works in this plan. If that work be* found too expensive, the 
canal line may, after taking the higher crossing of the Kao, be 
caiTied round to the present position west of Kuroundeea. 

For the super-passage of the Kao my object in proposing to 
go higher up the stream is partly to obtain stronger banks, a 
deeper channel, and more stable soil, but partly also to obtain a 
higher level for the bed of the river. I have already stated that 
at the existing crossing the canal bed may be brought 3 feet below 
that of the Kao. Now we require for a super-passage 6 feet for 
the depth of water in the canal, 13 feet for head-way for boats, and 
3 feet for the thickness of the arching over the canal and below the 
new bed of the river ; in all 22 feet. At the existing crossing 
therefore we should require to place an obstacle of 22 — 3 or 19 feet 
in the way of the river over which it would rise and again descend 
in a cataract. The Kao in its heaviest floods does not carry a volume 
of water greatly in excess of the Ganges Canal full discharge,* and 
therefore this cataract of the Kao, which would only flow occasion- 
ally, would be no greater work than the falls of the Ganges Canal, 
which flow continually. Now some of these falls have a 9 feet drop, 
so tliat if the fall on the Kao, as above stated, were divided into two 
drops, they would scarcely exceed those of the Ganges Canal upper 
falls. Every reduction that could be made would however very 
much facilitate the work, and hence the advantage of seeking for a 
passage higher up. 

Supposing this to be obtained, the cost of the arch-way for 
carrying the river (with 200 feet water-way) over the canal, 
(allowing tow-paths) would not exceed that of 10 bridges of 
Design No. II., while the cost of the protection for the tail of the 
work from the action of the falls could hardly exceed that of two 
of the large 200 feet falls on the Ganges Canal, of which the cost 


* Kao 8,100 cubic feet per seconjl : Gkmges Canal 6,750 cubic feet per second. 
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is about Es. 80,000 each. We have then a very rough extreme 
estimate thus : — Rs. 

10 Bridges as per Design No. II., at Rs. 16,000 each . . . 1,60,000 

2 Falls as on Ganges Canal ... ... .• 1,60,000 

Total ... 3,20,000 

This, though a large sum, does not much exceed that estimated 
for the Tootla drainage, and I have included it in the general esti- 
mate. If on a detailed examination the work should be deemed un- 
advisable, we can fall back upon bhe cheaper design for a dam. 

Of the remaining flowing canal lines depending on the Sasse- 
ram Branch, I have no more to say beyond what will be stated in 
the estimate. 

It will be best to take the navigable line from Sasseram, close 
past the town and west of the Koodra, if it can be done without 
undue expense. It will then join the Main Navigation Canal to 
Benares after the latter has crossed the Koodra. This main line 
will also have to cross the Doorgowtee, Koora, Soora, and Kurum- 
nassa. In the absence of all details I have taken the cost of the 
passage of these rivers at Rs. 800 per running foot of water-way, 
which I believe will be found a suflicient estimate, including the cost 
of embanked approaches. 

jD. — Eastern Soane Canaly Main Line, • 

In the first 3 miles of this line the route of 1857 corresponds 
very closely with that finally chosen in 1861. From the end of 
the 3rd mile Lieut. Whish struck into the high ground, and 
avoiding all drainage, carried his line through rather deep cutting for 
6 miles, when it issued on the level of the plains. This course was 
undoubtedly judicious under the more favourable levels obtained by 
the canal head being^t Khabra. But having now determined to 
place the canal head at Jhikutteea, *1 thought it proper to endeavour 
to avoid the very deep cutting which this early entry upon the high 
ground with the new level of head water would entail ; and I there- 
fore took the line of 1861 nearer the river, passing a great deal of 
small drainage and rugged country till I attained moderate cutting 
bn tiie level plains at the end of the !l0th mile from the head. The 
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cutting from 3 to 9i miles from the head would, were Lieut. Whish’s 
line adopted with the new head, have averaged 30 feet deep, and 
would have amounted for that 64 miles to 93,000,000 cubic feet. 
The quantity of excavation on the line of 1861 is about 54,000,000. 
There is therefore a saving of 39 millions of cubic feet of excavation, 
which at the rate of Rs. 4 per 1,000, assumed in the estimate, 
comes to Bs. 1,56,000. But against this we have to put the cost 
of passing the drainage of a strip of country about fths of a mile 
wide, from the 4th to the 9th mile, from which the maximum dis- 
charge of water (if we take it at 4 square miles) will be about 
1,300 cubic feet per second. To pass this in the most expensive 
way, namely, by syphons, as in the case of the Tootla floods, will 
come to less than Bs. 60,000 ; so that the change of line gives a 
saving of nearly a lakh of rupees. 

To return now to the details of the course of the canal. I 
have already mentioned that the first 4,000 feet of the main line 
may possibly be in rock-cutting ; some portion of it certainly will 
be so. The S|pie is the case with lock channel, with exception of 
the first 300 feet, which is in an alluvial deposit, with rock pro- 
bably not higher than 3 or 4 feet below the level of the Soane low 
water. In this rocky piece of country there will be two inlets for 
nalas, as shown in Plate VII. These will descend into the canal 
with a drop of several feet, but their beds being of rock it will be 
unnecessary to provide any masonry except the bridges to carry the 
canal bank road. For these the cost entered in the general estimate 
is that for 10 feet inlets on a level (Estimate No, 9 of Appendix), 
Rs. 2,000 each. 

The first drainage we come to after these is the Dhoondhooa 
Nala, which carries the drainage of the greater part of the north- 
ern face of the Putthurghatta Hill, or of about 3 square miles 
at the most? The discharge on the ordinary calculation would 
therefore be about 1,000 cubic feet per second at the heaviest. 

About the middle of the 2nd and about the middle of the 
3rd mile are two nalas which may drain as much as a square 
mile each, which the canal passes in low patches of rice fields. 
These cannot be turned by cuts without heavy excavation, and will 
therefore have to be passed across the canal. A small nala, a little 
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beyond the end of the 2nd mile^ may be turned into the last of 
these. Water-way for 350 cubic feet per second should be pro- 
vided for each of these passages^ and an excavated channel for half 
a mile. 

In the 4th mile we come to another nala which will require to be 
passed across the canal with the same water-way ; and a drainage 
of five nalas^ which may be united by cuts aggregating half a mile 
long, and of the section on the average of 30 x 10. The united 
drainage from these will discharge about 500 cubic feet per second. 

The whole of the drainage which would cross the canal in the 
5th and 6th miles may be united by a cut 11,000 feet long, and of 
a section 40 X 7, and may be passed across the canal at about 6^ 
miles from the head, between Tetrahand and Mahooanwun. The 
discharge to be provided for will be about 500 cubic feet per second. 

The drainage which crosses in the latter part of the 7 th and in 
the 8th mile between Mahooanwun and Urkurra may be passed by a 
cut beyond the latter place. The. cut would be about 6,000 feet 
long, and, to avoid heavy digging, it will be necesfiiary to use part 
of the spoil earth of the canal to fill up the nalas. With this provi- 
sion a depth of 10 feet on the average, and width of 40 feet, will 
cover the work. The drainage will be from about 14 square miles, 
and will require water-way for about 400 cubic feet per second. 

A drainage of about the same extent must be provided for in 
the 9th and commencement of the 10th mile, and will probably require 
two passages across the canal for 200 cubic feet per second each, 
with cutting of about the same extent as in the 7th and 8th miles. 

The last three passages may perhaps be conveniently united 
into one ; but for the present I leave them separate. 

Eesuming now, the drainage to be passed across the canal 
(excluding the first two inlets) is ; — ^ 

Dhoondhooa Nala 1,000 cubic feet per second. 


2nd Mile 

... 850 

<f 

tt 

3rd 

ti 

... 350 

tt 

ft 

4th 

if 

... 350 

tt 

ft 

tt 

ft 

... 500 

tt 

tt 


Carried over 

... 2,550 
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Brought forward 
7th Mile 
9th " 

10th « 

<c €( 


2,550 cubic feet per second. 


500 

ti 

t€ 

400 

€( 

i€ 

200 

it 

it 

200 

it 

« 


Total drairiage 3,850 


This will all be most conveniently passed under the canals 
by syphons on a somewhat similar plan to those devised for the 
Tootla drainage, as modified in the third proposal. Each opening of 
6x5 may be made to pass 200 cubic feet per second as a maximum 
discharge, and the cost of each span may be set down at Rs. 
8,000 for single spans, Rs.6,000 each for double spans, and Rs. 5,000 
for larger drains ; it being borne in mind that the full supply 
section of aqueduct here is 61>f6'12 feet, against 84x7’5, ason 
the Tootla. 

Reckoning thus, the cost of the masonry works for the drain- 


will be— 

Be. 

Dhoondhooa Nala, 5 spans at Rs. 5,000 

... 25,000 

Drain in 2nd mile, 2 spans at Rs. 6,000 

... 12,000 

Ditto in 3rd ditto ditto 

... 12,000 

Ditto in 4th ditto ditto 

... 12,000 

Ditto in 4th ditto, 3 spans at Rs. 5,000 

... 15,000 

Ditto in 7 th ditto ditto 

... 15,000 

Ditto in 9th ditto, 2 spans at Rs. 6,000 

... 12,000 

Ditto in 10th ditto, 1 span at Rs. 8,000 

... 8,000 

Ditto ditto 

... 8,000 

Total Rs. 1,19,000 


The cuts are as follows 

3rd Mile, 2,640 x 20 x 6 = 316,800 

4th ditto 2,640 x 30 x lo = 792,000 

5th ditto 11,000 X 40 X 7 = 3,080,000 

7th ditto 5,000 40 x iQ = 2,000,000 

8th ditto 5,000 x 40 x 10 = 2,000,000 


Total 


• f • 


8,188,800 cubic feet. 
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At Rs. 3 per 1,000 Rs. 24,566 

5 per cent. contingencies ... 1,229 

Total Earth- work ... Rs. 25,795 

One bridge of 28 feet span over the cutting in 

the 5th and 6th miles ... ... ... “ 7,000 

M — — - 

Total for Drainage Cuts ... Rs. 32,795 

For the whole drainage then the cost will be as follows 

Rs. 

Two inlets in 1st mile 4,000 

Syphon drains ... ... ... ... 1,19,000 

Drainage Cuts ... 32,795 

Grand Total ... Rs. 1,55,795 

The main canal ends at Hi miles from the head, in 11 feet 
cutting. 

E,— Patna Branch and its suhordinaie lines* 

After quitting the main canal the Patna Branch will begin to 
give out water for irrigation on the surface of the country at 12i 
miles from the main canal head. It continues on the water-shed 
between the BurwaiNalaandthe Soane, and beyond the Burwai, still 
at very satisfactory levels as far as the 29th mile and over a coun- 
try apparently of good stiff soil. From the 29th to the 49th 
mile of its course the country is uneven and the soil meu'e sandy. 
The local drainage appears to be complicated by depressions 
arising apparently from old beds of the Soane, and it will re- 
quire a detailed survey to settle precisely the proper line to take 
for the canal, and the drainage cuts that will be wanted. No diffi- 
culty is however to be apprehended, and the expense in drainage 
cuts will probably be more than covered by the 5 per cent, allowed 
for contingencies in the estimate of excavation. 

The Soane appears at one time to have passed inside the Towns 
of Daoodnugger and Ahmedgunj, or between them, or rather 
between their sites; for the towns were not at that time in 
existence. 
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On the east bank our examination of the Soane floods had 
not es^tended below Sydabad, when the mutiny of 1857 stopped 
proceedings. At Sydabad there is an old channel of the Soane by 
which it is said the river formerly entered the Ganges near Patna. 
Soane flood water crosses the country by this, but the extent and 
course of the flood w^as not a|pertained. 

Above Sydabad the only points where the floods pass are near 
Ibrahimpoor Sakree, and Ehyapoor, and again at Mohabftlipoor (on 
the 59th and 63rd miles of the canal), where a small spill over the 
bank takes place and the water flows to the Poonpoon. The spill 
appears to be so slight that it may be safely embanked off. The 
canal should be carried on the water-shed within half a mile of the 
Soane bank, and the spoil bank all thrown on the Soane side. But 
if the floods below Sydabad prove very formidable, it will be better 
to make the Paleegunj Branch the main line, and carry the navi- 
gation down the Poonpoon to the Ganges, leaving the irrigation 
of the tract from MohabSlipoor to Sydabad, and beyond, to be 
provided for by small channels which the floods may be allowed to 
pass over without doing serious damage. 

F, — Tiharee Branchy with its subordinate branches. 

This canal is to carry 400 cubic feet per second with a width 
on floor of 26 feet, and depth of water 4 feet, and divides into 
numerous branches to irrigate the country in the angle between the 
Poonpoon and Grand Trunk Road as far as Tikarec. This part of 
the project has been less investigated than any of the others. 

The country here is perhaps more in need of irrigation than 
that to be watered by the other branches, but the water has to 
be carried across so much formidable drainage that it will hardly 
be a paying line. Still I think it ought not to be omitted as an 
essential part of a scheme of which the object is to utilize as far as 
possible the waters of the Soane. 

I have only information enough to enable me to lay down the 
principles on which I propose to lay out the works. The exact line 
to be followed will possibly vary greatly from what has been sketch- 
ed in Plate HI. 


8 
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With the Main Tikaree Branch the object is to carry the water 
as far as possible to the westward, avoiding as much as we can loss 
of level, so that we may extend the benefits of the irrigation to the 
greatest possible portions of the tract between the rivers which fall 
into the Poo^jpoon and Morhur. To carry out this object it will be 
necessary to carry the main line witho^ a fall, or as nearly as possible 
without a fall, from its head to the country due south of Tikaree, 
keeping as far as possible to the south without getting into deep 
cutting. The deep cutting in the centre of the Boobs'*^ crossed 
should be avoided by curving the canal to the north in passing 
the high ground, and again recurving to the south for the passage 
of the rivers. It may be necessary to give a less declivity to the 
Main Tikaree Branch than has been allowed in the Table ; in order 
to bring a sufiiciently large area under its command for irrigation, 
I should not hesitate to reduce it to 1 foot in the mile, which indeed 
the Sketch in Plate III. assumes to have been done. 

The drainage to be crossed will consist of : — 

The Poonpoon, about 200 feet wide. 


Bootana 


... 600 


Uddree 


... 150 

it 

Tikaree 


... 60 

it 

Madar 


... 150 

it 

Dhawa 


... 60 

ii 

Neera 


... 20 

it 


For the aqueducts for the Poonpoon and Bootana Rs. 1,000 
per foot forwardt of water-way, approaches and all works included, 
will probably be an outside estimate; for the other rivers Rs. 600 
per foot forward will suffice. But of these latter rivers I have only 
single an d rough Sections, so that the whole est imate will be subject 

• Doah, literally two waters, a couvenient word, of Persian origin, for the tract 
of country between two rivers. 

t The cost of the great Solani Aqueduct on the Ganges Canal comes to about 
Bs. 8,600 per foot forward, about half being for the embankment across the valley. 
The width of masonry over all was 180 feet. For the Tikaree Branch 60 feet will bo 
the outside width, with a liberal allowance for road-ways on both sides, and there is 
no valley to cross at the Bootana. 
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to much modification. 1 shall set down the cost of the drainage 
works thus * 




Bs. 

Passage of the Poonpoon 

... 2 , 00,000 

Ditto . 

Bootana 

... 6 ,< i |000 

Ditto 

Uddree 

. ... 90,000 

Ditto 

Tikaree 

36,000 

Ditto 

Madar 

90,000 

Ditto 

Dhawa 

36,000 

Ditto 

Neera 

15,000 

There will be nothing peculiar in the laying out of the minor 

channels except that 

the country has 

a rapid fall, which will 

require numerous Palls or Locks. But this expense may possibly 

be avoided to some 

extent by giving 

the canals a serpentine 


course. 


Section X. — Falls, Locks, and Barrier Bridges. 

The question as to which is the best form of Fall for irrigat- 
ing canals has for some years occupied the attention of Cana 
Engineers in Northern India. The object of these works is tol 
get rid of a greater declivity of bed than it is expedient to allow 
in mere earthen channels, and it is sought to be attained by giving 
at intervals sudden falls protected by masonry, between which the 
simple earthen bed may preserve its proper slope. Three forms 
have been used in Northern India (and I believe also in Italy) ; 
first, the Ogee Fall, which is in use on the Jumna and Ganges 
Canals, and in a few cases on the Baree Doab Canal ; second, the 
Drop Fall with or without a grating, and third, the Rapid, both of 
which are in use on the Baree Doab Canal. Sections of these three 
forms are given in Plate XIV. 

In choosing the Ogee Fall for the Ganges Canal in preference 
to the Drop, Sir Proby Cautley observes : — 

I have from the first considered this question of perpendi- 
cular fall, under every imaginable point of view that offered itself, 
and I am fully impressed with the conviction, that in dealing 
with large masses of water, as we are proposing to do in the Ganges 
Canal works, under the circumstances of the soil and slope of the 
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bed ; under the nature of the material with which we are forced to 
construct our buildings; and under a continuous flow of water 
equal to that which I have noted above, the perpendicular fall 
would be inapplicable ; it would, in my opinion, be expensive and 
dangerous ; further than this, I cannot imagine that floorings 
made of brick would for any length of time be able to withstand 
the concussion, and the violent action of the water in the reservoir. 

Although discussing a principle, I have used the expression 
expense in the foregoing paragraph. This item would in many 
of our falls have been one attendant, in an exorbitant degree, on 
the adoption of the perpendicular and reservoir plan. The reser- 
voir, to be efficient, must have been equal in depth to the height of 
the fall, or at least equal to one-half of it ; its sides and floorings 
must have been built of the most massive proportions^ and the 
work, supposing that brick is used, must have been most carefully 
executed. In cases such as the Puttri Falls, where the founda- 
tions were actually laid 21 1 feet below the surface of springs, 
and where I was obliged to sacrifice the reservoir at the foot of 
the drop in the lock chamber, in consequence of the extreme 
difficulties that we had to contend against, the cost of perpendi- 
cular falls, with their necessarily attendant reservoirs, would have 
been enormous.^' 

The Ogee Falls have not, however, completely answered Sir 
Proby^s expectations. It would seem in fact that the action of the 
short Ogee in the ease of such a body of water (6,750 cubic feet 
per second) was much the same as that of a perpendicular drop ; 
at least the wear and tear in the case of the Ganges Canal Palls 
has been great, and the other two forms are much preferred on the 
Baree Doab Canal, f Possibly a more flat ogee, such as those drawn 
in Plate XIV., would have answered. 

The form of Drop Fall used on the Baree Doab Canal was 
adopted by Captain Dyas, the Director of Canals in the Punjab, 
after experiments made on the old Huslee Canal, carrying 250 cubic 
feet of water per second ; and I understand that they have been 
found to answer perfectly on the Baree Doab Canal, which is to 
carry 3,000 cubic feet per second. The full supply of water has 
not as yet been admitted ; but no apprehensions are entertained of 
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bed ; under the nature of the material with which we are forced to 
construct our buildings; and under a continuous flow of water 
equal to that which I have noted above, the perpendicular fall 
would be inapplicable ; it would, in my opinion, be expensive and 
dangerous ; farther than this, I cannot imagine that floorings 
made of brick would for any length of time be able to withstand 
the concussion, and the violent action of the water in the reservoir. 

Although discussing a principle, I have used the expression 
expense in the foregoing paragraph. This item would in many 
of our falls have been one attendant, in an exorbitant degree, on 
the adoption of the perpendicular and reservoir plan. The reser- 
voir, to be efiicient, must have been equal in depth to the height of 
the fall, or at least equal to one-half of it ; its sides and floorings 
must have been built of the most massive proportions, and the 
work, supposing that brick is used, must have been most carefully 
executed. In cases such as the Puttri Falls, where the founda- 
tions were actually laid 2^1 J feet below the surface of springs, 
and where I was obliged to sacrifice the reservoir at the foot of 
the drop in the lock chamber, in consequence of the extreme 
difficulties that we had to contend against, the cost of perpendi- 
cular falls, with their necessarily attendant reservoirs, would have 
been enormous.^’ 

The Ogee Falls have not, however, completely answered Sir 
Proby^s expectations. It would seem in fact that the action of the 
short Ogee in the ease of such a body of water (6,750 cubic feet 
per second) was much the same as that of a perpendicular drop ; 
at least the wear and tear in the case of the Ganges Canal Palls 
has been great, and the other two forms are much preferred on the 
Baroe Doab Canal. Possibly a more flat ogee, such as those drawn 
in Plate XIV., would have answered. 

The form of Drop Fall used on the Baree Doab Canal was 
adopted by Captain Dyas, the Director of Canals in the Punjab, 
after experiments made on the old Huslee Canal, carrying 250 cubic 
feet of water per second ; and I understand that they have been 
found to answer perfectly on the Baree Doab Canal, which is to 
carry 3,000 cubic feet per second. The full supply of water has 
not as yet been admitted ; but no apprehensions are entertained of 
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the plan not answering with the full discharge. I extract below 
Captain Dyas’s remarks on this subject in submitting the revised 
estimates for the Baree Doab Canal : — 

" The experimental observations on falls, for instance, were 
not completed till last hot weather. Some of the details are yet 
wanting; but sufficient details fbr the estimate have been ob- 
tained. The result is found in the design for the Dhumraee Pall 
(No. 21), annexed to the revised estimate. . I believe this descrip- 
tion of fall will be found to be the cheapest yet adopted, both in 
original construction and in after repairs. With one exception 
all the falls are designed on this plan. It will be seen, from refer- 
ence to the plan, that the water is made to fall vertically through 
a grating laid at a slo\)e (here about 1 in 3), and that its action on 
the surface below is thus spread over as large an area as may bo 
wished; owing to the several Rlaments of water being separated 
by the bars, much air is carried down with the water, and the 
action below is reduced to a minimum. The bars laid longitudi- 
nally (with the stream) ; at their lower ends, which rest on the 
crest of the fall, they arc close together ; and the upper end, they 
are about 0*2 apart. The teeth of comb give a good idea of the 
arrangement. It was my intention to have had iron bars, T 
shaped ; but the cost was found to be rather heavy, and wooden 
bars have been substituted in the estimate. As these bars can 
with ease be shifted singly, and renewed as often as may be neces- 
sary, at a small expense, I do not see any objection to the use of 
wood here, although ordinarily it is objectionable in a permanent 
work. From the slope of the bars, and the way in which they are 
laid, the spaces between them widening both in the direction of 
their length and at right angles to that direction, it is evident that 
small substances rolled down by the current will have no tendency 
to stick between the bars. As the substances are forced onwards 
by the current, they find a gradually increasing space to pass 
through, and practically, they either do pass through, or they 
are rolled over the top of the grating, which is a foot or so below 
the full supply level ; a path-way is arranged right across the 
fall, and close in front of the grating, so that any rubbish 
which may accumulate on the grating, when the water in tlie 
canal is lower than the full supply level, may be raked off. But 
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supposing that there were no one at hand to rake it off, and that 
the grating become choked, the water would merely rise until it 
could pour over the top of the grating, and the rubbish would be 
swept over with it. 

« 43. — ^TIKs kind of fall is intended for complete falls, in 
which the height of the fall is not less than the depth of water in 
the canal, although it may be applied to Uncompleted falls as well. 
Por incomplete falls son\e experiments have been made by Lieut. 
Crofton on a syphon fall proposed by him, the water being com- 
pelled to pass down under a beam of wood or masonry, by which 
means its velocity is much checked, and the action confined to a 
short length of channel, which, being properly protected by 
masonry flooring and sides, delivering the water to the earthen 
channel at a moderate velocity. 

'^44, — It is evident that no accidents can happen from timber 
or boats going over these falls, and that the velocity of the water 
in its approach to the falls is not at all accelerated. Lock channels 
may, therefore, be shortened with safety. Bepairs also can bo 
executed with facility, as the length of the fall is divided into a 
number of openings of 10 feet each, and any one of these openings 
may be shut off while the canal is running. 

45. — ^The grating arrangement occurred to me while experi- 
menting on a vertical fall (No. 17) built without a grating ; the 
action in the water below, concentrated in a small space of about a 
foot wide along the whole length of the fall, appeared to me dan- 
gerous, notwithstanding the interposition of body of water 8 feet 
deep between the falling water and the flooring, and I have, within 
the last few days, heard from the Superintendent of the Dhoon 
Canals, that the cutting action of the water on the side walls of 
the vertical falls built in those canals has done much damage.^^ 

The last form, and which has also answered well, is that of a 
Bapid, proposed originally by Lieut. Crofton, Superintendent of 
the Baree Doab Canal. It consists (as finally approved) of a 
slope of 15 base to 1 height, on which, and for an equal distance 
below, boulders are packed dry between dwarf walls, also of boulders, 
but cemented, of which the top is level with the bed of the 
canal. These walls are about 40 feet apart, both longitudinally 
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and across stream. Although the plan has answered perfectly, 
it is an essential condition to its being practicable that there should 
be an abundant supply of boulders within a short distance, so as 
to make the material cheap at the works. 

I could not adopt this latter plan as a general one, because 
the Soane Canals will have the greater number of their falls too far 
from the hills to be within reach of cheap stone. This plan might 
be adopted at Kuroundea, and at a few other places, in preference 
to the Drop Falls I have proposed. 

It was my intention to have adopted the Baree Doab Canal de- 
sign of Drop Pall exactly ; but the great number of falls required for 
the Soane Canals, and the comparatively small body of water to 
be dealt with, induced me to seek for a cheaper plan, and left 
me at liberty to adopt one having less massiveness than would 
have been necessary with larger bodies of water. 

Fortunately the Soane Canals will require no falls on the 
main lines. The largest channel (Upper Sasseram Branch) 
upon which falls wiU be required is to carry 1,090 cubic feet 
per second, and as we may depend upon the waste weirs of 
the double locks to carry off 440 cubic feet of this, there remain 
only 650 cubic feet per second to be dealt with on the main 
fall. There will be larger bodies of water to deal with on the 
escape lines of the main canals, but these will only flow occa^ 
sionally, and will consequently require much less precaution than 
the constantly flowing stream of a large canal. 

I have therefore dispensed with the first set of separate 
chambers of 10 feet wide, given in the Baree Doab Canal plan, 
and have admitted the cascade at once into the large open bason, 
which I have extended in size and provided a deeper cushion 
of water to receive fall ; see Plate XIV. Also by widening the 
canal channel considerably above the fall, the depth of water 
over the sill will be reduced to 2 feet, making the actual fall 
only 4 feet from surface to surface. Under these circumstances 
I have also dispensed with the grating. Our upper falls will be of 
rubble stone masonry, and if the action of the water on this, or 
on the brick- work lower down the canals, be found severe, it will be 
easy to replace the facing of the revetment under the fall by 
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cut-stone work as a repair, using the water carriage of the canal 
to bring the material cheaply to site. The cost of this arrangement 
for a fall of 60 feet water way will be about Es. 20,000 ; see Esti- 
mate No. 10, and the Table at page cii. of the Appendix. 

I have placed the bridge for cross communication on the tail of 
the fall instead of at the head, which is in itself a saving of expense. 
In this, and in the non-division of the bason, I give up the power 
of closing the fall partially, by stopping one or more arches of the 
bridge in case of repairs being urgently required ; but this is not of 
great importance, as even in the case of the largest fall we can pass 
more than half of the supply of the canal over the waste weirs of 
the locks, leaving the main fall dry for repairs, provided there be 
an arrangement for totally closing the main channel at the lock 
channel heads. 

For this purpose I have adopted barrier bridges of masonry ; 
see Plate XVI. On the subject of closing the entrance to the 
main canal above the falls. Sir P, Cautley writes 

" It was very clear that to consider the main line as a navigable 
one, with the prospect of boats or rafts being brought in contact 
with the falls, was unreasonable. It mattered little whether 
through carelessness or accident boats were overwhelmed in these 
cataracts. 

" Catastrophes of this sort were to be avoided. The notorious 
apathy of native boatmen was well known ; the carelessness and 
neglect of Establishments were contingencies of too frequent oc- 
currence to be treated with indifference ; and the possibility of craft 
passing the navigable head, and proceeding onwards towards the 
falls, was obviously a matter to be guarded against. It was a case 
in which no half measures would answer, and one in which the 
prevention to danger ought to be so certain that no reasonable con- 
tingency should be likely to defeat it.” 

Sir Proby proposed to use bridges of boats attached to the 
masonry heads of the lock channels. 

In practice, however, on the Ganges Canal no barrier has been 
yet found necessary, and no accidents have happened. The simple 
masonry barrier bridge which I have designed, however, will cost 
little, and affords a convenient means of stopping the flow of 
water over the fall. The cost of a bridge of 30 feet water-way. 
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such as is suitable above the 60.feet fall, is about Rs. 3,700, 
including the masonry work for the lock channel heads. 

For the small channels which are not to be used for navigation 
except for the smallest boats, a barrier above the falls will be un- 
necessary. ' In those narrow channels it would be hardly possible 
for a boat to be carried over. It 'would stick at the sill of the fall. 
The water-way of the fall may, however, in these cases bo closed 
by planks fitted to groves above the fall. 

The plan of Lock is adopted almost without alteration (except 
as regards foundations) from the Ganges Canal designs. Indeed I 
have hardly made as much reduction as I might have done to suit 
the smaller depth of water to be dealt with on the Soane Canals. 
The lock channels on the Ganges Canal are 15 feet wide at 
bottom, and leave the main canal 4,500 feet above the falls, 
rejoining 4,000 feet below them. 

To pass now from the designs to general arrangement of the 
works for overcoming the excess of declivity on the canal lines 
without interrupting navigation, I must first remark I am informed 
by Colonel Baird Smith that already the traffic on the Ganges 
Canal feels the want of double locks, and wider channels to pass 
conveniently the up and down traffic. I therefore at first proposed 
to give two locks with separate channels right and left of the 
main canal, as shown in the diagram to Plate XV. This would 
probably be a more convenient arrangement for the traffic than 
to place both locks on a single but wider channel. 

Considerations of economy have however induced me to adopt 
the latter arrangement. Where it is an object to pass as much 
water as possible by the waste channels, I adopt a construction of 
two locks in the centre with a waste channel on each side : this is 
a double lock with double waste channel. Where the discharge of 
water is less, two locks with a single waste channel between them 
may be used : this is a double lock with single waste channel. 

This change of arrangement will require a slight alteration 
in the design for the barrier bridge, enlarging the masonry passage 
for the lock channel head on one side, and reducing it to form a 
Distributary channel head on the other. 
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It will be seen in Estimate No. 11, A, B, and C, that the cost 
of these arrangements severally is — 

Single lock Rs. 23,500 to 31,800 ; on the average 27,500. 

Double lock with single waste channel Rs. 32,000 to 44,300 ; 
on the average 38,000. 

Double lock with double wast^ channel Rs. 37,800 to 51,400 ; 
on the average 44,600. 

The cost of a lock channel to unite the single lock with the 
main canal, as in the diagram in Plate XV., is about Rs. 7,000 ; and 
it will be easily deduced that a channel 20 feet wide on the floor, for 
the double locks, would cost Rs. 9,000 at the same rate. 

(It will be well to keep the bed of the lock channel at a level 
from the barrier bridge to the lock, and to let it have the fall 
of the main canal from below the lock to the junction.) 

The waste channels of the loeks will, as already said, carry 
220 cubic feet per second each over the weir, if taken at 3i feet 
depth or kept at that by means of the planks. None of the large 
locks will discharge less than that when the planks are open. 
Hence we may always be able to dispose of that quantity of water 
by means of each waste channel. 

Wherever we have a double waste channel, therefore, we shall 
only have to provide at the falls for the difference between a flow 
of 440 cubic feet per second and that of the canal. The only 
canals (excepting the main one, on which no locks on falls are 
required) which have a discharge of more than 440 cubic feet per 
second are — 

The Sasseram Branch, upper 1,091 cubic feet per second 


The Buzar BrWh, upper 669 

ditto 

ditto 

The Arrah Branch, upper reach 877 

ditto 

ditto 

Ditto secondditto 576 

ditto 

ditto 

The Patna Branch, first part 738 

ditto 

ditto 

Ditto second ditto 659 

ditto 

ditto 

Ditto third ditto 532 

ditto 

ditto 


The excess above 440 feet per second in the 4th and 7th of 
these may easily be made to pass over the waste weirs of the lock 
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channels with feet depth of water, or by giving, if thought 
desirable, a slight increase of width to the waste weir. For these 
channels therefore no separate lock channel and no fall will be 
requisite ; thje locks may bo placed in the canal itself. But for 
the other five branches there will be required separate falls, as 
follows : — 


Sasseram Branch, fall of 60 feet water-way 

Arrah upper ditto, ditto 50 

Patna upper ditto, ditto 40 

Buxar, and 2nd portion of Patna Branches, each 30. 

The cost of the whole works, for these seven branches, at each fall 
would thus be — 


Sasseram Branch. 


Barrier Bridge of five spans 

... 

Bs. 

8,700 

Fall 60 feet water-way 

... 

it 

20,000 

Double lock with double waste channel.. 

it 

44,600 

Navigable channel for ditto 

... 

it 

9,000 


Total Bs. 

77,300 

Arrah Branch, first portion. 



Barrier Bridge of four spans 

... 

Bs. 

3,500 

Pall 40 feet water-way 

... 

it 

15,500 

Locks with navigable channel, as 

above 

it 

53,600 


Total 

Bs. 

72,600 

Baina Branch, first 

portion. 



Barrier Bridge of four spans 

• . • 

Bs. 

3,500 

Fall 40 feet water-way 

. • • 

it 

11,500 

Locks and channel as above ... 

. •• 

it 

53,600 


Total Bs. 

68,600 
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Fatna Branchy second portion, and Buxar Branch, upper portion. 

Barrier Bridge of three spans ... ... Rs. 3,300 

Fall 30 feet water-way 7,500 

Locks and channel, as above " 53,600 

Total Rs. 64,400 


while for the third portion of the Patna, and second portion of 
the Arrah Branches the expense at each fall would be for the locks 
only, or Rs. 44,600. 

The expense will be the same for the other branches on the main 
navigable lines where the discharge is not less than 300 cubic feet 
per second. 

For the channels on the main navigable lines where the 
discharge is less than 300 cubic feet per second, we may adopt 
the cheaper arrangement of a single waste channel between two 
locks, at a cost, on the average, of Rs 38,000. 

But besides the main navigation lines there will be many 
other branches, down to the Vlllth Class channels inclusive, in 
which, the full supply depth of water exceeding 2 J feet, some sort of 
navigation will be practicable. It would be out of the question to 
allow for these locks on the same expensive scale as those above given, 
but it would be a pity to suffer the navigation to be lost for want 
of locks at the numerous falls it will be necessary to give. For 
these branches I have proposed a lock of 60 X 10 feet chamber, with 
a waste channel from 10 to 4 feet wide, of which the cost will be, on 
the average, about Rs. 6,500. (See Estimate No. 11 E, page cxvi. 
of the Appendix.) I may remark here that the only branch not 
on the four main navigable lines of which the discharge iCould not 
be cairied off by such a lock is the upper part of the Tikaree 
Branch, which is to be laid out so as not to require any fall. 

I have not yet mentioned the Corn Mills which it is intended 
to place at each Lock and Fall. They are designed after the plan of 
, those on the Ganges Canal, as drawn attached to the locks in Plate 
XV. The plan is a native one, which was adopted by Sir Proby 
Cautley as cheap and simple, and answering sufficiently well in 
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cases where there is an ample supply of water, and where the fall is 
3 feet or more. The machinery has been drawn and described in 
detail by Sir Proby in the Journal of the Asiatic Society of 
Bengal for !|L833, and in his recent Report. 

Two mills with six pairs of stones will cost by the Estimate 
No. 11 D, Rs. 2,150. A single mill of the same description with 
three pairs of stones attached to a fall or lock, would cost about 
Rs, 1,300. I have proposed to add two mills to each of the large 
locks, 120 X 16 feet, and one to each of the small locks, and to each 
of the falls without locks on the minor channels. 

Before leaving the subject of locks and falls, it will be proper 
to show how much the cost of the works is enhanced by the pro- 
vision of the former in addition to the latter ; that is, to state 
the cost properly chargeable to the navigation. 
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would be, especially the former, which adds greatly to the cost 
of the wing walls and earthen ramps of approach. 

The Distributary channel heads, and drainage inlets attached 
with so much elegance of design by Sir Proby Cautley to the 
bridges in his plans for the Ganges Canal, and which have 
been followed in the Baree Doab Canal, I have not adopted. 
They have, I believe, been found to tend to inconvenience in prac- 
tice. It is now deemed better to have detached heads for the Dis- 
tributaries, which leaves the Canal Engineer more at liberty to 
choose for them the best positions, and it is found better to keep 
the drainage as much as possible out of the canal. I have there- 
fore deviated from the established designs in these matters, under 
the sanction of Colonel Baird Smith’s judgment. 

The following Table shows the sizes and cost of the bridges, 
for further details regarding which I refer to Plates XVII^ and 
XX. and to Estimates Nos. 13 A to G in the Appendix. 


Denomination. 


Spans. 

P 

•c 


No. 

Width. 

*8 

1 

u 

For deep cutting Western 

Canal 

6 

33 

Ba. 

26,500 

Ditto ditto Eastern ditto 


4 

37 

23,500 

Glass I ... 


3 

33 

19,000 

Glass IX... ... ... 


2 

37 

16,000 

Glass 111 ... ... 


2 

33 

14,000 

Glass IV... 


2 

28 

10,000 

Glass V ... ••• ••• 


1 

44 

9,000 

Glass VI 


1 

37 

8,000 

Class Vll 


1 

28 

6,000 

Glass VIII 


1 

22 

2,300 

Glass IX... ••• ... 

... 

1 

16 1 

1,700 

Glass X ... 

... 

1 

10 

1,400 


Remarks. 


These designs are adapt- 
ed to navigation with 
13 feet head-way and 
two 6 feet tow-paths. 


The width of road-wa 7 given to these bridges is only 16 feet 
for ordinary village communication. For district roads I allow 
25 per cent., and for the trunk road 50 per cent, additional cost 
to provide greater width. 

Lines of steps have been added both above and below the 
bridge as a protection to the banks. 
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The water-way allowed is exactly the same area of section as 
on the canal with a full supply. 

For the smaller channels (Classes Nos. IX. and X.) when the 
depth of water is less than two feet, I do not allow any bridges for 
mere village communication, but provide Metalled Fords such as will 
be found described in the Estimate for the Distributary Channels, 
No. 15 in the Appendix. The cost as will be seen by inspection 
will be Ks. 120 for the Channel Class X. and Rs. 150 for Class IX. 

The material for the bridges must be undressed stone or 
brick, according to locality ; but I have allowed a little cut-stone 
work for the ornamental parts of those bridges which are built 
of stone. The rise of the arch is universally ^th of the span, which 
will require care in turning the arch when of undressed stone. 
If it be found difficult to get the arches turned in rubble, brick 
,may be substituted. But as the sandstone quarries well, and the 
masons have been accustomed to build large rubble arches on the 
Grand Trunk Road, I do not apprehend any great difficulty. The 
additional cost of making the arches of cut-stone would not be 
very heavy, — about Es. 500 for each arch of the larger bridges ; 
but the delay in getting the stone cut would be great. 

The centerings of the arches should be constructed of earth, 
as explained in the following extract : — 

'^The arches of all the bridges extending from the 47th to the 
"110th mile were built on centerings of earth only; * * * 

" With the exception of eight bridges at the lower extremity 
" of the line on which this species of centering was used, the canal 
"channel had, previously to the construction of the arches, been 
" entirely cleaned out and excavated ; this was rendered necessary 
" from the sandy nature of the soij, which did not admit of 
" rectangular sided excavations for piers and abutments ; on the 
" contrary, to prevent accidents from the subsidence of the sides, 
" it was a matter of the utmost expediency to excavate in long 
" slopes ; and during the progress of the building of either the 
" foundations of the piers and abutments, or of the curtain walls 
" lying intermediately to carry on a gradual process of falling in. 



72 


BRIDGES AND BRANCH HEADS. 


the level of each day’s work in masonry being met by a corres- 
ponding level in the replacement of the earth. * * * 
The course of proceeding in all the abovementioned cases was 
as follows : — ^To complete the excavation of the canal^ to finish 
the substructure of the bridge in all its parts (with exception to 
the bay floorings) up to the level of the top of the impost blocks ; 
to fill the bays with earth, as shown in the preceding diagram ; 
to form the upper part of the surface in the desired curve, and 
upon it to build the arch.” Sir P. Cautley’s Report on the 
Ganges Canal, vol. II., page 202. 

The result was great economy. A specimen is given, page 236, 
of the rates per 100 cubic feet of brick work — Plain work 
Rs. 11-0-8 ; Arch work Rs. 14-9-0. This was in a large division 
of bridges. There was some settlement, and cracking near the 
haunches, but it was slight, and quite immaterial compared with 
the economy of the method. 

The comparatively greater height of the bridges for the 
Soane Canals will require a comparatively higher rate for arching ; 
but I believe Rs. 25 against 15 for ordinary masonry will prove 
ample. 

There being in these estimates no provision for letting into the 
canal the drainage arrested by the embankments of approach to 
the bridges, it will be necessary to provide culverts for the purpose 
of passing it forward. These are included in Estimates No. 13 
H and K. Two of the 4-feet culverts at Rs. 470 each, or Rs. 940 
per bridge, will be used for each of the bridges down to Class VII,, 
and the smaller culverts at Rs. 200 for each culvert, or Rs. 400 per 
bridge, for the bridges of smaller size. 

Having decided on providing tow-paths within the arches to 
all the ordinary bridges, I have not thought it necessary to make 
exceptions of those to be used as Regulators at the Branch Heads. 
These bridges are designed exactly the same as the others, with the 
addition of a redan-shaped cut-water of steps between them, to psixt 
the water towards the two channels, and an increased width of floor- 
ing below, to receive the scour due to the application in part of the 
regulating stop boards. 
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The regulating apparatus itself has been changed from the 
ordinary design to suit the bridges with tow-paths. For these^ drop 
gates^ though they may be used^ seemed to me inconvenient, and I 
have proposed perpendicular stop planks resting against beams. 
The whole arrangement is shown in Plate XVIII. 

An escape is allowed above each bifurcation, of sufficient capa- 
city to lay both the lower channels dry. Where the object is to 
diminish the supply of water in both, therefore, it will be unne- 
cessary to do more than open the requisite number of bays of the 
escape bridge. But when it is desired to keep up the whole sup- 
ply in one channel, and reduce it, or altogether to cut it off, in the 
other, it will be necessary to drop the sill beam in by the grooves, 
using the blocks and tackling (in the deep channels) for the end 
towards the pier, and afterwards to fix the upper beam in its seat by 
the same means. After this, using the upper beam as a bridge, the 
stop boards will be applied by hand, to such extent as may be desired. 

The plan will not be so expeditious as that of the drop gates 
and windlasses. But it will, I believe, provide in a simple way all 
that is wanted. The use of a few long drop boards, such as 
could be let down from the parapet of the bridge, would enable 
us to partially close the openings without stopping navigation. 
The same object might be attained by the use of a frame for sup- 
porting a shorter upper beam in the water-way. 

Section XII. — ^Distributaries. 

It has become a principle in managing the irrigation canals in 
Northern India, that no water shall be taken by the cultivators 
directly from the canals, but that they shall be supplied only from 
Main Distributary water-courses called by the natives Bajbuhas. 
These Bajbuhas carry from 80 to 5 cubic feet per second according 
to the features, extent, and position of the land they are intended to 
irrigate, and from these are drawn the village water-courses for the 
immediate use of the cultivators. In this system we may, as 
Sir F. Cautley remarks, consider the canal as answering to the 
reservoir or supply channel in the water-supply of towns; the 
Bajbuhas or Distributaries as the Mains, and the village waters 
courses as the Service"^ channels. 


10 
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The village water-courses are always constructed at the 
expense of, and by the cultivators ; and the waste of water that 
arose from their ignorant attempts to carry channels for long distan- 
cess was one of the inconveniences that led to the adoption of the 
Bajbuha system, in which these Main Distributaries are laid out at 
the best levels, and constructed by the Canal Engineers. The 
expense used formerly to be advanced originally by the Govern- 
ment, and subsequently recovered by instalments from the cultiva- 
tors. Latterly, however, it has been decided that the Government 
shall bear all the expense of construction ihd repair of these works, 
charging an enhanced rate of water-rent to cover it. The rate 
of increase proposed and sanctioned is Rs. 100 per cubic foot per 
second of the canal discharge, but of this I shall say more when I 
come to treat of the returns derivable from the works. 

Now in applying this system to the projected Soane Canals, a 
difficulty at once presents itself in the already minute sub-division of 
channels. Many of these are already of less size than some of the 
Rajbuhas of the Ganges Canal. When shall the canal be considered 
as being merged in the Bajbuha ? 

After consulting Colonel Baird Smith on the subject I have 
taken the following rules for my guidance ; — 

I. No village water-course shall be drawn direct from any 
canal of which the discharge is more than 7 0 cubic feet per second. 

II. Rajbuhas shall be provided, in addition to the smaller 
Canal channels, to such extent as shall be necessary to bring the 
water within 3 miles of every part of the country to be irrigated ; 
so that no village water-course need be made more than 3 miles 
long at the most. 

The cost of the Rajbuhas on the Ganges Canal is about 
Rs. 1,000 per mile. I have made up an estimate, from examples of 
works, intended to be the average of what will be required, 
which comes to about Rs. 1,300 per mile, including the cost of land. 
In this I provide, by Colonel Baird Smithes advice, two heads to 
each Rajbuha. The silt deposits which take place in these works, 
especially when at a low slope of bed, do not extend for more than 
a mile down the channel, and by providing a double head and 
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double channel in the first mile, we have the means of carrying 
on the irrigation, without interruption from this cause. 

Plate XXI. is intended to illustrate the system of Rajbuhas 
or distributary channels. Figure 1 .is a diagram showing the mode 
of laying out the channels. A and B show the methods ordinarily 
used in Northern India, where the slope of the country seldom 
admits of the waters of the Rajbuha being returned into the 
canal. C and D show methods by which this latter desideratum 
may be obtained under the slope of the plains of Shahabad and 
Bchar. But the Engineer must be careful not to attempt to be too 
systematic, but to be guided by his own ingenuity and the nature 
of the ground in each case. 

It appears to me that it will be found a good principle in 
administration to keep each Bajbuha distinct from every other 
(when it can be managed), from its head to its terminus, so that 
the expenditure of water on each Distributary may be separately 
ascertained and cheeked ; being measured both on its issue at the 
head and on its return at the tail fall into the canal. 

C, in the diagram, gives an example how this may be done 
in a case where the canal is too far in soil to aflbrd water at a pro- 
per level to irrigate close to its banks. The Rajbuha gets to a pro- 
per level for irrigation at b, b®, &c., passing there over a syphon or 
fall conveying the returning upper Rajbuha, which froln loss of 
level in the crossing does not irrigate again till it comes to d, d®, &c., 
when it passes over the Rajbuha next but one below it, and irrigates 
the land close to the canal bank, ere it returns by a drop into the 
canal. An arrangement of this kind could only be effected with 
a very good fall of country. 

The remainder of Plate XXI. hardly requires explanation, ex- 
cept in regard to the Rajbuha-heads and village water-course heads, 
which are on the plan of the Italian Modules for measuring water. 
The system is to reckon the water by the discharge under a 
given head, which is known by the ordinary hydraulic rules, either 
(1) when the discharge takes place freely into the air, or (2) when 
it is simply a descent from a upper to a lower level. 
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My plan of module is adapted to the latter method. In both 
cases the front sluice board is used to admit such a supply as shall 
just keep the level of the water in the interior chamber at the 
mark denoting the desired head of supply. But on the village 
water-course heads it would be impossible to supervise the working 
of the head sluice board. It can only be used to shut off the supply 
when the water is not required. The level of these water-course 
heads must be so placed that when the intended supply of water is 
passing down the Rajhuhaj every village water-course may just 
have its proper supply, as contracted for. The regulation must 
he attempted only at the Rajhuha head, and the Government will 
lose a portion of the tail surplus, and the other*villages or cultivators 
gain it, when one or more villages or cultivators let their modules 
remain closed. 


XIII. — ^Terminal Works. 

The Terminal works of all the escape channels and of all 
canals, except of the chief navigable lines, will be simple falls like 
the falls on the course of the channels themselves, dropping them 
to the level of the natural water-course into which they are to dis- 
charge their surplus waters. 

But the chief navigable lines will end each in a double scries of 
locks connecting them with the dry season level of the Ganges. The 
highest rise of the Ganges at Benares is about 4il feet above the 
dry season stream. But this height it attains only once in 10 or 
20 years. However, it will be seen by the Sections to Plate II. that 
a descent of 30 or 40 feet will in all probability have to be accom- 
plished. I have taken no steps as yet to obtain data for these de- 
scents, and have therefore prepared no design or estimate. 

I have only to suggest that the descents near Benares might 
perhaps with advantage fall into the Jhurgoo, so as to avoid crossing 
the Railway. That at Chowsa may certainly be taken into the 
Kurrumnassa, which, with the addition of a supply of 160 cubic feet 
per second, would be quite navigable. That near Arrah I would 
propose not to attempt to carry to the Ganges at all, unless great 
inducement should offer, but to drop into one of the nalas near 
Arrah^ south of the Railway, and render that navigable as far as 
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the town. That near Patna should be carried into the Ganges if 
possible ; but if the difficulties of crossing the Soane floods prove 
too greats it might be taken into the Poonpoon^ and^ if necessary^ 
works constructed to make that river navigable in the dry season. 

It is necessary^ however^ to set down an adequate sum for 
these terminal works in an estimate of the eost of the whole project, 
and for this my only guide is the Ganges Canal estimate of 1850. 
The terminal works at Cwnpoor are there setd. wnatBs. 1,60,860, 
and those at Etawa at Bs. 86,724. I believe the estimate for the 
Cawnpoor works was greatly exceeded, partly from the addition of 
ornamental works, and partly from difficulties in the foundations. 
1 think it will not be safe to estimate the cost of the terminal 
works of the Soane Canal navigable lines at less than 2i lakhs each, 
except the Arrah works, for which 14 lakhs will suffice. At Patna 
it will be necessary to add an additional lakh for compensation for 
buildings which will have to be removed. This will be in aU 
Rs. 10,00,000. 

Sectiqn XIV. — Rates and Cost op Works. 

The rates for masonry and brick-work in Shahabad and 
Behar have undergone considerable changes since the Rail- 
way works were put in hand, and since the occurrence of the 
mutiny, so that it is not very easy to determine, even setting 
aside the disturbing effect on the market of commencing large 
works like those now under consideration, what the actual prevail- 
ing rate now is. 

The greater part of the drainage works west of the Soane, 
spoken of in the 14th paragraph of the Report of 1853, were com- 
pleted at rates on the average below Rs. 8 per 100 cubic feet for 
rubble stone masonry. The earth-work cost Rs. 1-3-0 per 1,000 
cubic feet. At a later date, just before the mutinies, the viaducts 
on the Grand Trunk Road, for the passage of the floods of the 
Doorgowtee, were executed at a rate under Rs. 10 per 100 cubic 
feet. The rates for brick-work in the neighbourhood of Dinapore 
and Patna were at the same period generally under Rs. 9 per 100 
cubic feet. 
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In 1854 or 1855 the rates allowed to the Railway Contrac- 
tors were, — 

For ordinary brick-work, Rs. 22 per 100 cubic feet. 

For brick- work in the larger bridges, Rs. 24 per 100 cubic feet. 

For earth-work in ordinary embankments, Rs. 4 per 1,000 
cubic feet. 

For earth-work in excavation of tanks under 10 feet, Rs. 4| per 
1,000 cubic feet. 

The rates for the Government works in 1861, are about as 
follows : — 

Rubble masonry on the Grand Trunk Road, Rs. 13 to 15 per 
100 cubic feet. 

Brick-work in the Dinapoor Division, Rs. 12 to 16 per 100 
cubic feet. 

Earth- work, Rs. 1 J to 2 per 1,000 cubic feet in ordinary em- 
bankments of roads. 

I have assumed the average rate of Rs. 15 per 100 cubic 
feet for masonry and brick-work, including pointing or plastering. 
For earth-work I have taken the rates at Rs. 2 to 2^ per 
1,000 cubic feet for ordinary excavation, allowing Rs. 3 or 4 for 
very deep cutting, and as much as Rs. 6 where baling may be 
required in foundations of works. 

Wood-work is expensive in Shahabad and Behar. No large 
timber is to be had south of the Ganges in that neighbourhood, 
and for all the squared timber work we must depend on the 
markets of Benares, Ghazeepoor, Revelgunj and Patna, for sal 
wood floated down the Goomtee, Gogra and Gunduck from the 
foot of the Himalaya. I have usually allowed Rs. 3 per cubic 
foot for the finished W 9 od-work, But in the case of lock gates, 
&c., I have allowed Rs. 5, taking the work solid, so as to cover 
cost of gearing and iron- work. 

These rates, however, I give ohly as the rates which are likely 
to suffice independently of the effect upon the market of the execu- 
tion of large works vigorously carried on in the districts. The 
effect of this is very marked in most cases, but it is difficult to 
estimate beforehand. 
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It will appear strange at first that the labour market in India 
should be so easily affected^ where, above all other countries, we 
are accustomed to consider labour to be so abundant and cheap. 
But a little examination of the state of things will show that 
this is no more than was to be expected. 

There is always a large proportion of the population of every 
merely agricultural village absolutely idle during almost the whole 
year. Except at harvest time, there is nothing like employment 
for the whole population. A few of the young men go out to 
seek employment at a distance, but the large proportion of the 
population are idle, unless work is absolutely brought to their doors. 
Then they will work on very low wages. I have stated in 
paragraph 12 of my Report of 1855 (Appendix, page xviii.) 
what the wages are for ordinary agricultural labour. For the 
Government works the usual wages are, per diem — 

Rs. A. P. 

A bcldar (able-bodied labourer) . . 0 1 6 or 2i pence. 

A coolie or ordinary labourer . , 0 1 3 or 1-2. 


A woman coolie . , 0 1 0 or 1^ 

A boy . . . . 0 0 9 or Of to IJ penny. 


The wages, however, are generally paid in pice of a varying 
value, of which from 78 to 82 usually go to the rupee, being from 
0*292 to 0*307 of a penny each. Of these the beldar gets 6, the 
coolie 5, the woman 4, and boys 2 or 3. 

These are the wages for which the people are willing to work 
within such a distance as to be able to return to their villages 
when the day^s work is done. Small bodies of labourers may 
even be collected from a distance oh these rates of pay, especi- 
ally the Dhangurs, an aboriginal tribe from the south of Shahabad 
and Behar, who go to a considerable distance to work on low 
wages, and are very good workmen, though of small stature. 

But the quantity of labour that can be collected on these 
wages is small, and the Head Works, where the greatest demand 
for labour will be, are on the borders of the hilly tracts of which 
the population does not exceed 3 per square mile. 
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It is difficult to say what increase of rate will be necessary 
to attract a sufficient body of workmen^ but I should say not less 
than the usual rate for a beldar in the North-Western Provinces, 
of 2 annas or 8 pice per diem. This will be an increase of 83 per 
cent, on the existing wages for unskilled labour. 

In skilled labour the classes most required are stone-cutters, 
mason, and brick-layers. The prevailing rates for these artificers 
near the Grand Trunk Road has been 2 annas a day. 

Sasseram is a place of note for stone-cutters, who also act as 
quarry-men. They get some employment in the town and neigh- 
bourhood for building purposes, and can always make a livelihood 
by making hand mill-stones in the hills. But after all, the num- 
ber of these men to be had in the neighbourhood is not great, and 
the Government works on the road have often been retarded for want 
of a sufficient number of them. 

There is a corresponding proportion of masons near the hills, 
where stone- work is cheap in consequence of the proximity of the 
material. But when we get beyond the neighbourhood of the 
hills, stone or brick buildings are seldom seen. The villages arc 
almost wholly of mud huts with thatched, or sometimes tiled roofs, 
and the village temple or mosque, with occasionally a resident 
Zemindar’s house, are the only brick or stone-buildings to be seen, 
besides the small drains constructed from the Road and Perry 
Funds on the district roads. One might travel 20 miles without 
seeing a brick-builjing in progress ; and where there is so little 
brick-work or masonry going on, there are of course very few 
brick-layers or masons. In fact these men are only to be had from 
towns at a distance. They are more apt to leave their homes to 
seek work than the unskilled labourers, but some inducement must 
be offered ; and as the rates of wages for good workmen on the 
Government works at Benares and Allahabad is 8 annas a day, 
we cannot expect to get the men at a distance for less, on the 
average of good and ordinary workmen. 

On the whole it will, I think, be necessary to reckon upon a 
rise in the labour market of 83 per cent, in order to attract a suffi- 
cient number of labourers to carry on the work vigorously. 
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But it is not only in labour but in materials also that Ibices 
will be affected. In the iSrst place fudi of all ]dnds> and other sorts 
of local produce, such as can be had in the neighbourhood of the 
works, wiU soon be exhausted, and the cost of carriage must be paid 
to procure them from a distance. Secondty, there will be, when we 
get bqrond the reach of the hills, the difficulty of establishing 
brick manufficture on a large scale where it has never been tried 
on a large scale beffire, and where time cannot be afforded for the 
gradual developement of the manufacture. Speaking of the Nug- 
garam Aqueduct in the Gktdavery Delta, Sir A. Cotton says, “ I 
determined to try if possible to get the work out of the reach 
of iiyuxy before the monsoon. In doing this we could not let 
any means slip on accoun^t of their cost ; and when we meet 
with difficulties, such as those in the burning of bricks, as men* 
tioned in Lieutenant Hsig*s Report, we could not stop to 
TnnlrA experimental kilns of a few thousand bricks. We were 
obliged to continue making and burning them by lakhs without 
Inaing a day. As is so commonly the case tho difficulty was one 
we least expected, having a most intelligent and able Overseer, who 
had been just before burning bricks with the most perfect success 
at other works. But both he and the native brick burners were 
entirely at &ult. I have no doubt that the principal cause of our 
failures was the peculiar nature of the soil, which was that in which 
the tobacco is grown, and had never been used for bricks. It evi- 
dently requires a much higher heat than ordinary brick-earth. I 
mention this as a specimen of the obstacles we m^ with in press* 
ing on the work.” w 

Brick manu&cture has always been one of our great difficulties 
in regard to large works in India, and we are fortunate in the 
Soane in having so much of the heavy work within reach 

of the building stone of the Kymore hiBs, and the graidte ' 

west of the Boonpoon. 

In order to jfllow fat the whde effect the rapid execution 
of these works on the local markets, both in labor and materials, 
I it will he proper to add to the eetunate, filmed on the 
present pievailmg rates, a proportion of 80 per cent. If the works 
are carried out g^tadually, perhaps sqme^lung may he saved on this. 
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But there are other causes which in the case of the large 
ixrigaiaon works in Northern India, have led to excesses in actual 
cost of construction over estimates framed beforehand, which it 
will be well to review before finally presenting the estimate for 
the Soane Canal works. 

The first of these is the occurrence of sand. On both the 
Ganges and BareC Doab Canals the mq>ectations of the Engineers 
as to the cost of the worirs were disappointed by finding that the 
good soil on the sur&ce extended to a depth of only 3 or 4 feet, and 
below that the whole of the soil was nearly pure sand over very large 
tracts of country. The cost of excavation is not affected by this, 
fi>r although the width to be excavated is greater, the cost of exca* 
vation in sand is less. But it seriously affected the cost of the 
masonry works, in the increased massiveness of formdations it ren- 
dered necessary. To avoid all risk of having the estimates for the 
Soane Canals rendered insufficient from this cause, I have assumed 
that in half the works it will be necessary to adopt under-sunk 
foundations. This is not done under the supposition that such is 
at aU likely to be the case, but as the most seonre means of arriv- 
ing at a "superior limit” to the probable expense. 

Another cause of excess in the expenditure on the Ganges 
Canal was the order of Government, issued on sanitary grounds, 
that the surface of this canal should always be kept within soil. 
This my estimate provides for. 

A third cause of excess over estimates is in the improve- 
ments and alteraUltns dictated by local experience gained during the 
progress of the works. To refuse sanction to charges of this 
kind would be quite unreasonable. AU we can do is to scruti- 
nize proposals for such changes carefully, and see that none are 
admitted of which the origin is in mere fimcy or caprice ; and to 
admini^ blame whwe it appears to be deserved owing to want 
of care in the first estimate. But in India Engin«ers are peculiarly 
liable to be misled in many matters, from which the existence 
of sunilar works m the neighbourhood would save them in Europe. 
For iBstanM we have titete almost ev«y river bridged above and 
bdow the intended crossing of a raUway or canal, so that there can 
hanodonbtaatothe water-w^tobegiven. But in India there is 



BJLrSB Ain> COST 07 WORKS. 


8S 


generally no such guide^ and the Engineer may examine and watch 
a river carefully for 9 years^ and be surprised by a flood in the 
tenths which &r surpassed his highest expectations. From this 
cause arise frequent excesses over estimates. But I think the 
large provision for excess in the matter of foundations in the 
estimates for the Soane Canal works will cover the probable 
increase of expense from this*source^ considering that care has been 
taken always to over^ rather than under estimate in doubtful cases. 

I therefore conclude that an addition of 30 per cent, will cover 
the probable excesses over the estimates which are likely to arise 
from the effect of the execution of these canals on the local markets, 
and that the estimates are, in all other respects, ample. 

I now present an abstract of the General Estimate in which 
I include 12^ per cent, on the cost of the works, for Establish- 
ments, including salaries, travelling allowances and contingent 
charges. This proportion is what it seems fair to allow with re- 
ference to the cost of the same branch of expenditure in other like 
works. The Estimates will be found in detail in Appendix 

Mead Works, 

••• ••• 

... 2,24,469 

... 11,29,269 
.. 2,50,000 

... 1,46,346 

84,462 

... TfiZm 

60,151 

14,750 
62,000 
50,000 


SstabliBbment at 121 per eeat. 


Add 80 per cent, to cover probable rise of prices . 


X ift n d ... ... 

Roads, Fences and Plantations, 
Temporary Dam ... 
Permanent ditto ... 

Plant for ditto .. 

Western Head Bridge 
Eastern ditto ... 

Western Lock Chann^ Head 
Eastern ditto 

Temporary Quarters 
Permanent ditto ... 
Workdiops 


Rs. 

4.800 

8.800 


16,03,738 

►lM808 


i.ae.760 

21,14kQ20 

2M2Sa 

28,78;a7a 

6,84,^ 


8aU»478 


Otfriedovw 


80,1%^ 
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Wettem Canal M^ ChanneU 

Bs. 

Land ... 


Brought forward ... 

... 

... 

10,660 

Hoads, Fences andBJantations... 
Excavation 


7,860 

5,78,881 

Drainage works, Ac.. 

• »e 

V** ••• 

8,55,880 

Falls (on escape) 

•• 


1,40,000 

Distrihntaries ... 

eaa 


18,000 

Bridges 

• ee 

vsa 9%m 

1,29,000 

Accommodation for Establishment 

sts ••• 

15,925 




12,45,106 


Establishment at 124 per cent...* 

1,65,638 




14,00,744 


Add 30 per cent, as before 

8,78,582 


EaHem Canal Main Channel. 

9.600 

6.600 
4,46,709 
1,68,295 

81,000 

18,000 
1,84,500 
15,300 

8,76,004 
1,09,376 


9,84,879 

2,62,501 


49,894 
44^852 
5,09,818 
1,14,250 

8,72,000 
8^14,800 
2,68,674 
1,16,109 
7,86,400 
, H700 

80.76,983 

^Btablisbment . ... 8,84^498 

84,60,481 

Add 80 per cent, as before ... 9,22,795 


Ijaad ... 

Boade, Fences and Plantations . 
Excavation 
Drainage works, Ac. 
l^ls (on escape) ... 
iffinribntaries 
Bridges.. 

Accommodation for Establishment 


Establishment at 124 per ceni 


Add 80 per cent, as before 
Arrah Branch. 

Land ••• «•* 

Boads, Fences iwd Plantations ... 

Excavation ... ^ 

Works of drainage and regalation of supply 
Fans ••• ••• ••• 

Distiibutariee 

nee ••• eae 

Bridges and Fords ... 

AcetiainodaUon for Establishment ... 
Locke • «» r- • ... ... ... 

MflU 


Onried ovm 


80J2,47S 


17,744!76 


12,46,880 


104,16,010 



UATE8 AND G08T OF WOBKS. 


85 


SaMkm JBrankch, 
Bfonght fiNTward... 

Land ••• •• 

Koads, Fences and Plantations ... 

Excavation aa» ••• ••• saa 

Works of drainage and regulation of supply 
Falls ... 

Distributaries 
Bridges and Fords ... 

Accommodation fbr Establishment 

Locks ... ... ... ... ... 

Sfills ... ... ... ... 


Establishment., 


Add 80 per cent, as before.*. 
Patna Branch, 

Land ... ... ... ... 

Boads, Fences and Plantations ... 

Excavation ... ... 

Works for drainage and regulation of supply .„ 

Falls ••• ... (.1 ... ... 

Distributaries ... ... ... ... 

Bridges and Fords see eeeh> eea ese 

Accommodation for Establishment 
Locks ... 

Mills 


eea 

eee 


TggfftMiAniflwf . 


Add 80 per cent, as before 
Tiharcc Branch, 

Land ••• ••• 

Boad^ Fences and Plantations ... 

Excavation . ..« ... .«• 

Works of drainage and rogation of supply 
Falls ... ... ... ... 

Distributaries- see ese eee 

Bridges and Fords eee eee eee 

Accommodation for Establishment , ... 


Bs. 

eee 

64,462 

6*166 

4,87.600 

4.09.000 

8.49.700 
2,66,902 

1.19.676 

7.28.700 
68,600 

85,73,418 

4.46.677 

40,20,090 

10,72,024 


41,128 

41,927 

4,11,704 

88,000 

4,88,000 

6,97,700 

8,35,697 

98,900 

7,97,800 

47,700 

29,88,656 

' 9je7Al» 

S 8 . 06 fin 

8.81^2 


86,868 

89fi0a 

2.48,74S 

11^,700 

1.74^ 

8,78^ 

87^ . 


Bs. 

104,16^10 


60,92,114 


4136,012 


CSarried over 


2234,460 236,06386 
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Locks* 

Mills 


Brought forward 


Establishment ... 

Add 30 per cent, as before ...’ 
Canals for Navigation only. 


Land ... 

Roads, Fences and Plantations ... 
Excavation — 

Drainage works «... 

Bridges 

Accommodation for Establishment 
Locks ... 

Mills ... 


Establishment 


Add 30 per cent, as before 


Rs. Rs. 

22.64<,489 2,06,95,036 
10,000 
36,400 


23,10,889 

2,88,855 

25,99,744 

6,93,268 

34,839 

42,055 

4,95,819 

6.40.000 

2.64.000 
65,725 

11,72,000 

17,600 

27,32,038 

8,41,503 

30,73,541 

8,19,611 


32,93,012 


38,93,152 


Grand Total ... Rs. 2,68,81,200 


The following is a more condensed abstract : — 


Land ... ... 

... 

2,30,429 

Roads, Fences and Plantations... 

... ... 2,81,611 

Excavation 

... 

... ... 82,69,840 

Drainage works 

... 

46,63,671 

Falls ... 

• a. 

... ... 16,09,000 

Distributaries ... 

• •• 

... ... 27,66,700 

Bridges and Fords ... 

— 

... ... 1633,159 

Accommodation for Establishment 

6,46,176 

Locks ... 


86,84,683 

Mills ... 

/ 

... ... 236,000 


Establishment 

1,88,64,009 

28.60,992 


2,12,25,001 

Add 80 per cent, as before ... 56|56499 


Grand Total as before .. . 2,68 ,81,200 

* It may be stated here that the charge for locks is only the excess over what it 
would cost to provide fldls only s which with the small 60 x 10 feet locks is very 
mUng,. 
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The amount of this estimate will doubtless appear large when 
compared with those for the Ganges and Baree Doab Canals. 
But this admits of explanation from four causes. 

1st. As already explained there is a large allowance in the 
estimates for expensive foundations to the works. 

2nd. I have added 30 per cent, as an allowance for the 
probable rise of prices during the execution of the works. 

3rd. The Distributary Channels have not been included in 
former estimates for Canals of irrigation. 

4th. The expense of the works for navigation is very great 
owing to the great slope of the ground ; and double locks have 
been allowed on the principal navigable lines. 

The following analysis of the charges will show how far 
these \&t three causes have operated to increase the estimate. 


WorJes far Irrigation only. 


♦ 


Bs. 

Ba. 

Land ... ... ... 

1,96,590 


Roads, Fences, and Plantations ... 

1,89,466 


Excavation ... ... 

27,74,621 


Drainage works 

40,23,671 


Falls ... ... ... 

16,09.000 


Bridges and Fords ... 

18,19,169 


Accomodation for Estaklishment 

6,80,450 


kliUs ... ... ... 

2,07,400 

1,08,99,247 


Establishment at 12i per cent. 

13,64^272 

1^2,68,619 


Add 80 per cent, as before .. 

Dittributaries only. 

82.66,471 

1,56,29,990 

2,071 Miles at Rs. 1,3Q0 per mile 

26,92,300 


183 Miles of canal sof^Ued with Modules, at Bs. 400 

74,400 


Add 12ir per cent, fbr Establishment 

8,46,837 

31,12,587 


Add 30 per cent, as before ... 

8,30,010 

39,42,647 

Carried over 

... 

1,94,72,637 
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Bs. Rs, 

Broaght forward ... ... 1,94,72,637 

Navigation only. 

Lock Channels to HtKid works ... ... ... 1,94,124 

Locks in Irrigating Branches ... ... ... 22,72,900 

Navigable Canals— 

Patna line ... ... ... 2,56,147 

Arrah line ... ... ... 2,69,076 

Eurumnassa line ... ... 3,67,572 

Sasseram line ... ... ... 2,54,469 

Main Benares line ... ... 15,85,774 



27,32,038 


Establishment at 12i per cent* 

61.99.062 

6,49.883 


Add 30 per cent, as before 

68.48,946 
. 16,69,718 

74,08,663 



Grand Total as before 

... Rs. 

2,68,81,200 


To compare the cost of the Ganges Canal with the above es- 
timate of the cost of SoaneigCanals^ we have the following data : — 

In the Revenue Report of 1859*60 the total outlay, exclusive of Dis- Rs. 

tributaries, is set down at ... ... ... ... l,64i,67,000 

Add for Futtehgurh Branch ... ... ... ... 16,00,000 

And for Bulunddiuhur and Koel Branches ... ... ... 6,00,000 

Total outlay to complete the works without Distributaries ... 1,85,67,000 

Add for Distributaries say on 800 miles of canal, at Rs. 6,000 per 
mile (i. e., £pving 6 miles of Distributary at Rs. 1,000 to each mile 
of canal) ... ... ,.. ... .... 40,00,000 

Total cost... Rs. 2,25,67,000 

Deduct cost of works for navigation— 

14 lorirs at Rs. 20,000 ... £,80,000 

Upper Navigable Channel ... ... ... 40,000 

10 lock channels below, at Rs. 8,000 ... ... 80,000 

Cawnpoor Terminal locks ... ... ... 2,00,000 

. 6,00,000 

Cdet of the Canal with Distributaries and without narigation ... 219,57,000 
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Now the cost of the Soane Canals as estimated by me is, ex- 
cluding the 30 per cent, added,— 

Rs. 

For the ordinary works, with Establishment ... 

i;i2,63,619 

For Distributaries, with ditto ... 

... 81,12,537 


1,63,76,066 

Deduct cost of dam .. ... 

... 13,04!,206 

Balance 

... 1,86,71.861 


which does not very greatly exceed half of the above estimate for 
the Ganges Canals the discharges being 6^750 and 3^124 cubic feet 
per second respectively; and the rates for the Soane Canals about 10 
per cent, higher on the average, in addition to the costly founda- 
tions flowed, and the double locks on the navigable lines. 

For the Baree Doab GamU we have from the revised Estimate Rs. 
the total cost on a discharge about equal to that of the Soane 
Oanals ••• ••• ... 

Distributaries, as estimated by Captain Dyai^ at 3 miles of Rfgbuha 
to one of can^ ••• ••• ••• ... 17,45,000 

^ Total ... I,62,64y491 

Deduct wofks for navigation, including share of Establishment, 
about .. ... ... ... ... 8,00,000 

Cost of the canal, exclusive of works of navigation ... ... 1,44,54,491 


The Baree Doab Caual rates for masonry are considerably 
higher than those in my estimate, so that it will be necessary to 
take the estimates with the 30 per cent, added, for comparison. 

Ks. 

Canals without Distributaries, as above (pven ... 1,65,29,990 

Distributaries ... ... ••• 89,42,547 

> ^ 94 ^ 67,443 

Deduct cost of dam theSoane withduure of Establiilmi0nt|4bc. 22,86,326 

Cost of Soane Canals, omitting dam ... ... ... I,71,7a,ll7 

' ^ t ^ 

Which, as before, allows the Soane Canal estimate to be 
higher, owing however entirely to the difference in the estimated 
cost of the Distrihutaries. 


12 
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The following Table exhibits the cost of the Soane Canals per 
cubic foot of discharge per second : — 


Charges on the cubic foot per second 
of discharge. 

1 

1 

Add 30 per cent. 

Total cost. 


Bs. 


Bs. 

Be. 

Canals without navigation works, on 





2,524 cubic feet per second 

4,859 

1,295 

6,142 

Distributaries on ditto... 

1,233 

328 

1,562 

Total 

6,092 

1,623 

7,604 

Navigation works on 600 cubic feet per 


1 



second ... ••• ••• •• ••• 

9,740 

2,697 

1%837 

Total charges on 8,124 cubic feet per 
second ... ... ,,, 





6,792 

1311 

8,684 


I have already said that I do not suppose it will be neces- 
sary to carry out the navigation works provided in the esti- 
mates to the full extent. The line of navigation with double locks 
on the Patna Branch is^ I thinks a necessity ; and no more than 
the public would have right to expect as a compensation for the 
interruption to the navigation of the Soane, which the Canal Dam 
would cause. This expense must therefore be allowed to stand in 
Ibll. Of the other lines, no doubt that towards Benares is the most 
important, and most likely to pay well, though it would be expen- 
sive. If the whole scheme were to be carried out at once, 
it would be best perhaps to restrict the navigation to these two — 
that is, the navigation with large double locks. The revenue to be 
derived from the two would probably not be to any important ex- 
tent less than what would be derived from the four lines. 

But the cost of the Benares line is so large, and the work 
itself is one so entirely distinct from the rest of the project, that it 
^ will be best to assume that it will not be constructed at first ; and 
to provide a substitute for it. The Kurumnassa line is the one to 
fido|»t for this purpose; but I would adopt it only as a line with 
W^leloclm. If the traffic become too great tp be carried upon 
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such a line, it would be time at once to undertake the Benares 
line. 

I propose then to reduce the Arrah line to one of naviga- 
tion only by the small locks of 60 X 10 feet chamber. This will 
admit of a slight reduction of the sujpply of water, and so the cost 
will on the whole not exceed what has- been sot down for the 
irrigation only. We get rid then of the whole charge for navi- 
gation estimated for this line, viz. 

Locks on the Irrigating C^nal ... ... ... Hs. U6,400 

The Navigation Canal ^09,076 


Establishment for ditto 
30 per cent, added 


Total 


Rs. 10,67,476 
... « ^,, 33,434 

... Sb. 16,21.153 


To which may be added one lakh of the cost of carrying the 
navigation down the Bunas to the town, with share of Establish- 
ment, &c. Total say 16 lakhs. 

1 next propose to reduce the navigation on Kurumnassa 
line to one with single locks. There are— 

4 Locks on the Boxar Branch Upper, share chargeable to navigation Rs. 1,77,600 
2 Ditto on the Chowsa Branch Upper ditto ** 59,800 

The navigable canal atongride the lower part of this branch ... ** 8,67,572 
And one lakh of the cost of the descent into the Ganges ... ** 1,00,000 


Deduct 6 single locks to be allowed in lieu of those entered 
above at Rs. 22,000 each ... * 


7,67,362 


1,32,000 


Rs. 6,72,972 

Establisbment dmrge ... . ... ... ... 71,223 


Rs. 6,44,794 

Add 80 per as before ... ••• ... . . 1,71,891 


Total .. Bs. 9,16,686 


So that with these two reductions in all of Be. 34,00,000, the 
whole cost of the project may be set down at 345 lakhs ; which may 
be laid out in portions, as will be explmed in a subsequent section. 
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Section XV. — Income^ ExpENorruitB, and Peopits. 


A. — Income, &e., from Irrigation. 

Before proceeding to fix the rates of charge and probable 
returns from the irrigation, it will be satisfactory to review the 
assessment of the Land Bevenue of the tract into which the 
irrigation is to be introduced, and its incidence on the area and 
population; and to compare South Behar in these matters with 
the n^ghbouring districts of the North-W estem Provinces. 

The following are the Pergunnahs'^ of Shahabad (west of the 
Soane), which will be either entirely, or with very little exception^ 
under the influence of the irrigation 


Names. 

Population. 

Area. 

Square miles. 

Assessment of 
Land Re- 
venue* 

Rs.perannum. 

Dnnwar ... 

eee see 

• •• 


1,21,960 

836*4 

64,724 

Binareh ••• 

•ee ees 

• •• 


44,345 

65-1 

19,074 

Chowsa ... 




74.966 

201*2 

81,824 

Feeroo ... 

••• 

set 

• •• 

1,31,710 

201*5 

66,218 

Nonore ... 




1,10,960 

107*3 

29,876 

Ponwar ... 




91,345 

113*3 

51,409 

Beeheea ... 

•ee ••• 

... 

.. • 

1,14,170 

2313 

1,05,246 

Bhojpoor ... 

•at ••• 

• se 

... 

2,29,979 

423-6 

1,69,720 



Total 

... 

9,19,424 

1669*7 

5,68,091 


This gives a population of 556 per square mile, and a Land 
Bevenue of As. 9-10 per head of population, or As, 8-7 per acre 
of gross area. 

The population of the whole district, including the hilly 
tracts, is 367 per square mile, and the assessment As. 10-8^ on 
the gross area. . 

There are unfortunately no similar statistics on record for the 
Districts of Behar and Patna^ east of the Soane, The Beport of the 


‘ * T!he maps printed with this Beport do not show the boundaries of the 
FergniliaB2i& will be fbund in the 88th, 8.9th, 103rd and 104th sheets of the 

India published by Hr. J. Walker, Geographer to the Secretary of State for 
^^Sgoresahore are taken from the Official Return by Mr. Travers, Collec- 
ts dated 9th dpril 1849. 
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Bevenue Surveyor Lieutenant {now Lieutenant Colonel) W. Maxwell 
gives the population of Fatna^ according to a^census of 1837, at 
845,790 souls, including the city, which contained 284,133« The 
area of the district is 1,835 square miles. The population per mile, 
excluding the city, is thus 306 so^. For Behar we have only a 
very imperfect statement, based on the Chowkedaree Tax papers, 
which makes the population altogether 10,000,000, which on the 
area of 5,694 square mUes gives only 176 souls per square mile, on 
an area including very large tracts of hills and jungle. 

The portion of country irrigated by the Eastern Soane Canal 
contains some of the ' best tracts in both districts, and I should 
suppose is not, on the average, less populous than the country to be 
irrigated in Shahabad, west of the . Soane. The upper parts near 
the trunk road are no doubt Icllt^ populous; but the population 
increases in proceeding towards Patna. 

If we now take the same particulars of the Pergunnahs of the 
Districts of Ghazeepoor and Benares on the south of the Ganges, 
we shall find* 


Names. 

Popolation. 

Area: 

Square milea. 

LandBevenae. 

R8,p6ramiitm. 

Ralhoopoor 

• •• 




26,^6 

28-6 

85,055 

Mowaee «.,• 

• •• 




9,748 

17-8 

20,929 

Mahooaree 

• •• 




18,876 

82^ 

23.982 

Burah 

oes 




25,287 

47*0 

46,505 

Bhoos 

... 

... 


... 

20,984 

45'8 

28,092 

Mujhwar ... 



tee 


89,536 

76-9 

40,976 

Budhwul ... 

• «e 


eat 


81,755 

66-6 

82.912 

Nurwun ... 

... 


toe 

•*a 

89,723 

106-6 

67,212 

Muhaitch 


• ee 

et» 


4^067 

85-2 

61,888 

Zumaneeah 


• •• 

eee^ 

#«■ 

178,641 

288-8 

1,74,263 




Total 

see 

482,030 

791-8 

6,17,818 


which gives a population of 545 per square mile, with a revenue 
of Bs. 1-1-11 per head of population, and Be. 1-0-6 per acre 
of gross area. The area of actual cultivation is 372,284 acres, or 
73*3 per cent, of the whole, so that the Land Bevenue on this will 
be Bs. 1-6^6 per acre. 


• From tho Beport of the oenmu of 1851| in the Borth-Weetera Frovinces. 
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It will be seen that the assessment here is double that of 
Shahabad on the same population. 


The three best Perguniiahs of the Benares District^ after 
excluding those in immediate contiguity to the city and on the bank 
of the Ganges^ are : — 


Names. 

Population. 

Area in square 
miles. 

Land Reve- 
nue. 

Rs. per annum. 

Uthganwan 
Ktiswar Birkar 
Pimdniha 

• •• ••• 


26,103 

32,048 

85,818 

85-8 

439 

467 

m 


Total ... 



03,969 

1 

126-4 

1,67,023 


This gives a population of 743 per square mile, with a Land 
Bevenue of Bs. 1-10-9 per head of population, and Rs. 1-15-0 per 
acre of gross area. The total cultivation is given at 51,211 acres, 
which gives an assessment of Rs. 3-1-1 per acre of actual cul- 
tivation. The cost of irrigation is probably at least as much 
more. 

The total area over which the irrigation from the Soane canals 
is to extend is (see Tables, pages 14 to 17) 3,355 square miles; 
which, according to the rates deduced for the Pergunnahs of 
Shahabad,* has probably a population of 550 per square mile, or 
1,845,250 souls in all, and is assessed at the rate of As. 9-10 
per head of population, and As. 8-8 per acre of gross area, mak- 
ing the total assessment of Land Revenue of about Rs. 11,00,000. 
If the actual area of cultivation is f rds of the gross area, as in the 
Benares District, it may also be concluded that the assessment on 
tile area of actual cultivation is As. 13-0 per acre. 

If on the completion of the canals the land were considered 
to be placed on an equality with ,the best Pergunnahs of Benares 
(not possessed of canal irrigation), the assessment at Rs. 1-15 per 
acre of ^oss ^ea would give a revenue of Rs. 41,60,200 per annum, 
or an increase of Rs. 30,00,000 above the present rate; that is of 
course supposing the return for the can^ to be looked for in * the 

Iner^asQ of Land Bevenue only instead of in the water rate. 

■' - 

I,... , 

* Two-tbirds of the area to be irri^ted is in Shahabad. 
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Or^ if the rate he taken at Bs. I-IO-^Q per head of the popu- 
lation, the revenue would rise to Bs. .80,75,000, being, an increase 
of Bs. 19,75,000 on the present revenue. The mean of these two 
would give on increase of Bs. 25,00,000, which may therefore be con- 
sidered as equivalent to taking tiie returns for the canal in in- 
creased Land Bevenue instead of by levying a water rent. It must 
be remembered that this supposes the assessment to be made equal 
to that of certain Pergunnahs of Benares, where the cultivators, in 
addition to the assessment on the land, have themselves to provide 
the irrigation at a great expense from wells; whereas the irriga- 
tion is supposed to be provided from the Soane canals free of all 
charge, and yet the same assessment only levied. 

But we are dealing now with permanently settled districts, 
and have nothing to do with ehflancement of Land Bevenue. I 
have only brought these figures forward to give some idea of the 
aspect of the revenue derivable from the canals, considered in refer- 
ence to the total burdens on land and population. 

In the 20th paragraph of my Keport of 1855, (Appendix 
page XX,) I concluded that a cubic foot of water per second 
would suffice for the actual irrigation of 512 beegahs (320 acres) 
of spring crops; and in the 17th paragraph (page xx.) that we 
could supply this water to the cultivator for Bs. 1 J per beegah, 
giving him thereby twice as much water as he before obtained for 
the purpose at Bs. per beegah. In the calculation nothing is 
allowed for the cost of sinking and repairing wells ; and, as an 
ordinary unbricked well in Shahabad often h^ts only one season, 
this is a considerable item in the charge. I calculated moreover 
upon no other receipts from the supply of water, but to give the 
same quantity all the year round for no further charge than f^e 
Bs. 1^ per beegah, the water would therefore be available to the 
cultivator in the rswy as well as in the dry season, and would 
save his rice crop from injury or total loss in case of scanty rains. 
Since 1855, however, so great a tisQ of prices h^ taken place that 
the rate may fairly be increased by 25 pe^r cent., or to Eli 1-^ per 
beegah. 

Since 1855 the Government has d^ided that the cost of the 
Distributary Channels or Bigbuhas which before was borne by 
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the enltiirator shoold he home by the Oovemment^ and that an 
addition should be made to the water rate to meet this charge. 
This addition has been fixed at Bs. 100 per cubic foot per second 
of discharge* of the CanaL It consists of Bs. 21 as interest on 
the direct outlayj and Bs. 75 for repairs of the channels, 'with 
Be. 4 added to make even money. This charge in fact takes the 
place of the cost of constructing and repairing wells, and divided 
over the 512 beegahs comes to about -fth of a Bupee, or 3^ annas 
per beegah. 

The water rate of the Soane Can^ thus fixed will therefore 
come to 1-^x 512+100— Bs. 900 per annum for each cubic foot 
of discharge per second, at the canal head ; allowance having 
already been made for wastage (see Beport of 1855). This will be 
in all Bs. 1-12*2 per beegah (Bs. 2-8-10 per acre) of spring crop 
(wheat or barley) ; charge being made for the autumn crop (rice, &c.) 

The full rate should not be applied at first, but the water 
supplied at very low rates till the people have learnt its value, 
when the rate would be gradually raised. 

In the revised estimate of the Baree Doab Canal the revenue 
i^m irrigation is thus calculated, on 3,073 cubic feet per second 
of discharge, of which 130 feet is I believe reserved for Naviga- 
tion*— 

'Water Bent ... ... ... 15,80,500 

Increased land revenue ... ... " 9,31,000 

Total Bs. 25,11,500 

which is at the rate of Bs. 853 per annum per cubic foot on 2,943 
cubic feet of discharge. Add to this Bs. 100 from the expenses 
of Distributaries, and the gross income become Bs. 953 a year per 
enbic foot of discharge’ per second. 

.. For the Ganges Canal, Colonel Baird Smith calculates, on the 
6,750 cubic feet of discharge per second, deducting 400 cubic feet 
reserved for Navigation— 

' Water Bate Bs. 13,27,500 

. Increase of Luid Bevenue . " 23,90,400 

Total Bs. 37,17,900 

* Pam. 7, Section 'VI., of original Report liy Capt. Dyaa. 
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or Bs. 686 per cubic foot on 6^360 feet of dkebarge per second. 
But this is assuming the water rate at the low charge of Be. 330 
per cubic foot, which was fixed from the beginning of the irrigation. 
With the Bs. 100 added, as before, this comes to Bs. 685 yearly 
per cubic foot per second of discharge. The rate of direct water 
rent here is so low that one of the. Executive Engineers states 
that if he were allowed to charge the Jumna Canal rates, his 
revenue would be all but doubled. It is howev^ no doubt 
advisable to maintain the low rate for the present on the Ganges 
Canal. 

From the Western Jumna Canals we can gather no conclusions, 
because the errors of level of the old bed have as yet not been 
rectified, and the system of Distributaries has only been partially 
established. 

From the Eastern Jumna Canals the returns were in 1858-69 
Bs. 1,66,379, which, taking the discharge at 900 cubic feet per 
second, gives a rate of Bs. 184 per cubic foot. In 1859-60 the 
gross water rent had risen to Bs. 3,45,306, giving a return of 
Bs. 372 per cubic foot. In 1860-61, I learn from Colonel Baird 
Smith that the return has risen to Bs. 200 per cubic foot per second 
for the spring crop only, with a nearly equal revenue from the 
autumn crop. The discharge of the canal only averaged 663 
cubic feet per second in the spring, owing to the effect of the 
drought upon the Jumna; but it was as much as 1,500 cubic feet 
per second during the rains. The total revenue was thus nearly equal 
to Bs. 400 upon the dry season discharge of the canal. Taking 
the rate at Bs. 373, and adding, as in the case of the Ganges Canal, 
Bs. 330 for the improvement of the land, and Bs. 100 for the 
charges of the Distributaries, the rate comes to Bs. 703 yearly per 
cubic foot per second of discharge; and at the rate on the spring 
crop of 1860-61, it would come to Bs. 831. I have added the 
Bs. 100 here because the Distributaries had already been for the 
most part paid for by the cultivutors. 

The Eastern Jumna Canal is the best example we have of a 
well regulated irrigating canal, but it is only lately that the 
improvements in engineering and administration that have been 
going on for many years, have pr^uoed their effect upon the 

18 
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leTWue. In new projects we have benefit of all these improve- 
ment for onr g^dancei, and may hope for a quicker but stiU only 
gradual development of returns. 

Beturning now to the Soane Canals— 

The total discharge of the Western 

Canal is Bs. 1,980 cubic feet per 

And of the Eastern Canal ... " 1,144 second. 

, Total ... Bs. 3,124 
Deduct allowed for Navigation ... “ 600 


Balance ... Bs. 2,524 

On this I propose (as the ultimate rate) to charge Bs. 900 per 
cubic foot per second of discharge, which comes to Bs. 22,71,600 ; 
which sum may be compared with the figures deduced in a pre- 
vious paragraph as the possible increase of Land Bevenue if the 
country were placed on an equality with a part of the Benares 
District. 

The annual expenses to be charged against this are reckoned 
by Sir P. Cantley, on the analogy of the Eastern Jumna Canal, at 
Establishment per cubic foot per second, Bs. 47 yearly. 

Ordinary repturs “ 44^ " 

To which is to be added, as just mention- 
ed, for repairs of Distributaries .... “ 75 “ 

^ Total ... Bs. 166i 

di say Bs. 170 pmr 100 cubic feet of disdiarge, which, deducted 
from the gross income of Bs. 900 per annum, wiU leav6 a net 
income of Bs. 730 per annum per cubic foot of discluurge devoted 
to‘' irrigation. 

. The net income, from irrigation then stands thus ; 2,524 cubic 
.^^dmg Bs. 730 each per mmum, Bs.|8,42,420. 
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B. — Imme, ^e., finm lSfdmgslBio/A ‘. ' 

The Calcutta Canals afford a good example of what may be 
earned by Navigable Canals leading to a large cify which is yet 
itself upon a navigable river. The Calcutta Cancds are chiefly 
natural clmnnels which have been, improved, and connected and 
brought into contact with the City of Calcutta by means of arti- 
ficial canals, of which the aggregate length is 32 miles. The whole 
length of the navigation is 120 miles, and tow-paths have been 
constructed and are kept in repair for the whole distance. The 
width of the artificial channels at ^or is 44 feet, the depth at 
low water 3 feet, and the rise of the tide 4 to 11 feet. The head- 
way allowed under the bridges is 15 feet, which admits of the 
country river craft passing with their high stems and rudders. 
There are locks only to keep out the high tides of the Hooghly. 
These canals form the connecting line of traffic with Dacca and 
the east of Bengal. They possess two advantages which can hardly 
be found elsewhere. The first is, that the country to the eastward 
is such that there is no land communication, and these canals form 
the only line of traffic except the dangerous and uncertain one 
by the sea ; and that with a very rich countiy. But secondly, 
they connect the City of Calcutta with the Soonderbuns or swamp 
forests of the Ganges Delta, where an inexhaustible supply of wood 
is found, intersected by creeks in dl directions, and growing down 
to the waters edge. More tlian half the revenue of the canals is 
derived from fire-wood. See the following Table: — 

Return of the Qooit paeted through the Guteuita Cmedt during the 
gear ending 30^i dpril 1861. 

Mannds.* 

Fire-woodt . . .. 310,00,000 

Coal 16,26,410 

Charcoal >• 1,19,850 

Lime 5,24,375 

Carried over . , 332,69,636 

- • ^ 

* About 27 maundfl go to a ton. 

t This ia not given separately In the OfflciiiL Retani» but b known to be about 
80 per cent, of the "SunclrieSb^ from whidi 1 have separated it. 
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BfougCit forw^ « . 882^69^635 


Salt.. .V .. .. 89,95,100 

Oilseeds .. .. 23,27,795 

Grain, chiefly rice. . . 63,68,739 

Cotton and Piece Goods* 1,52,800 

Indigo, Tobacco, Sugar and Molasses . . 13,24,525 

Jute 12,57,650 

Sundries 77,88,787 

^ • 


Total . . 664,85,030 


The toll was during 1860-61 eight annas per 100 maunds. 
The income and expenditure on the average of the last three years 


were as follows : — Bs. Bs. 

Gross income 2,93,134 

Charges of Collection and Police. . 33,463 
Engineering Establishment . . 32,872 


66,835 

* Bepairs 35,321 

— 1,01,656 


Net Income * .. 1,91,478 

'pf this 73,637 was on the average devoted to improvements — ^in 
' fact was added to capital during each year. 

But the rate of toll has been increased during the current 
year to 12 annas per 100 maun^, and this has had no effect upon 
the traffic, and is realizing a clear increase of 60 per cent, on the 
gross revenue, or bringing it up to Bs. 4,50,000. 

In contrast to this we may place the Western Jumna Canals, 
which, connecting the City of Delhi with the forests of the Lower 
Himalaya, yet only realize 10 or 11,000 Bupees from rafting timber, 
bamboos, &o. The main cause of this short-coming in the Western 
'^umna Canal is no doubt the fluctuations of water arising from the 
demands of the irrigation. 


• Hhe year is one of very depressed trade in Piece Goods. 
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The omtJs of the North-West«^ Provinceo' oany a limited 
supply of water into what is practioalfy' an unlimited extent of 
land, so that as the irriga^n devdopes, and especially in Simons of 
unusual demand for water, the supply is liabte to he all bnt totally 
absorbed, unless special arrangem^ts are made to prertot it. In 
the Ganges Canal it is intend^ to place the irrigation outlets at 
such levels as not to allow of the Canal being run dry for irrigation 
at its lower extremity. But the Ganges Canal is not y^ sufficient- 
ly long in use to admit of our drawing conclusions from it ; and the 
feeling with Canal Engineers in the North-Western Provinces is 
that navigation and irrigation cannot be satisfoctorily combined. 
It may be remarked however that notwithstanding the loud com- 
plaints which have been made as to the excessive velocity of the 
current, the wont^of headway in the bridges, and the want of tow- 
paths within the arches, the revenue from navigation is the only 
branch of the revenue from the Ganges Camd which hat dlrea^ 
exceeded what the projector calculated upon. 

The Madras Engineers, on the other hand, hold a totally op- 
posite opinion, and mention that th^ have succeeded in the 
combination of irrigation with navigation, and do work their onnala 
in both ways with perfect success. Sir A. Cotton’s printed State- 
ment shows that in the fourth year after the opening of the 
Godaveiy works, 18,800 boats passed through the three principal 
channels, and 8,300 descended the main channel to the Port, of Co- 
ringa; the number of the latter had risen two years after to 13,400. 

With such conflicting opinions and examples it is difficult to 
form any definite notion of what the income for navigation of 
the Soane Canals is likely to be. But for the following reasons I 
think it must be admitted that the Western Jumna Canal cannot 
be looked upon as a ffur example to judge by. 

The Soane Canals do not afford irrigation to a vast plain like 
those on which ^e Canahii of tl»e N. W. Provinces expend thejlr 
watos j but the area is limited, ^d the supply Of water calculated 
on a liberal scale for that arm, so. that it is not. likdy to be, 
absorbed to such an extent as to* trench upon . the supply speciidly 
allowed in excera for navigation ; which, however, will also be 
presesrved by preventing the distributary chtuinel heads being placed 
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60 low BB to dJraw it off. Besides which, locks of comniumcation 
trith the Ganges will be given, whi(& is an advantage not pos*- 
sessed by tiie Jumna Canals. . 

In the next place we have the supply of excellent lime- 
stone at the canal head all along the foot of the Eymore 
Hills. This lime-stone is now collected on the Soane banks 
and carried down that river in the rains. The quantity us^ 
formerly to be 1,25,000 maunds per annum, even with that un- 
certain navigation in only one direction? Of late some unfortunate 
mismanagement in the competition with the coal for the limited 
supply of boats on the Soane has led to such difficulty in obtaining 
boats that the traffic has fallen off to 25,000 ihaunds. But there 
can be no doubt that it will rise again with the facilities of 
transport ; and the new market that will be opened for it to Benares 
and Ghazeepoor will at least double the original large consumption. 
It will be also able to compete with the Sylhet lime, which with 
a nearly equsd distance of carriage has long had almost a monopoly 
of the Calcutta market, and that of all lower Bengal. Besides 
. the lime as used for cement we have the lime-stone for paving, 
and the excellent sand-stone for various building purposes. Both 
these may be brought into shape fit for the market by water 
power at the canal falls. 


Thirdly, we have the coal of the Bajhurra collieries and other 
coal fields of the Falamow District. At present the out-turn of 
the coal is very small, only 30,000 maunds per annum. But there 
can be no doubt that it will, with the lime, increase immensely on 
the provision of secure means of conveyance northwards, and the 
opening of a new and ^e line of carriage to the west. The posi- 
4ion of the proposed head of the' canal will still leave 50 miles of 
■■ClttBd carriage, or of dangerous navigation by tbe Koel and Soane, 
*||iut reducing tbe distance of such Carriage, as these canals vrill do, 
to one^tiiird of what it now is, must have a great effect ; and the 
completion of the communication by canal or railway must follow. 
To what extmt the coal wiU ultimately come into use it is impos- 


guipss. It will doubtless be very much more largely con* 



tbpi. the lime. 
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If these adraatages be o^fn^nxeid theaecpoiilWfped^ 
Calcutta Canals, and beanng.'m mmd t^t tl^/Cjities of Patoa.fuid 
Benares each riyi^ Calcutta in population, .ai^. that a high« late 
of toll will be fairly applicable to the Soane Canals, in proportion 
to the greater ‘obstacles overcome, it will not be deemed un- 
reasonable to expect that the traffic *on the Soane Canals will in 
the aggregate ultimately realize Bs. 2,00,000 per annum. 

<7 , — Com Mitts, ^e. 

The next source of ii4k>me is the Corn Mills. The income 
derived from the rent of these buildings on the Eastern and Western 
Jumna Canals for the last two offidal years is as follows : — 


Canal. 

No. of 
Mills. 

IsrCOKE. 

1868-69. 

1869-60. 

Hasiicm Canal ••• ••• ... «•« *•• •*. 

B 

6,27a 

^194. 

W^astiaTn do, ••• ••• 

mm 

5,638 

8,633 

Total 

23 

1 

11,817 

11,727 


This gives an average of a little over Bs. 500 per annum 
for each mill. On these , canals each mill has usually three pairs 
of stones. Those proposed for the Soane Canals are of two hinds, 
the double house mills have six pmrs and the single house mills 
three pairs of stones. I sludl estimate the income from all at 
one uniform rate of Bs. 600 per mill. As there are in all 135 
mills included in the estimate for the Sc»ne Canals, the probable 
income thvis calculated wiU be B8«€7,500. 

Besides this, we may expect ultimately to obtain a con- 
siderable income by using the water power in other ways, espe- 
cially by the construction of nulls to cut the lime-stone for paving 
marble, and the sand-stone for flagr. 

Lastly, we have the usual income from the sale of the pro- 
duce of the canal lands, and the fines for breach of canal regula- 
tions, which may be estimated at Bs. 7i per cubic foot per second 
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discharge for the canals only> and adding thSt of the 
-fa^on which the Distribataries are located, which is now to be 
'Goirenuhent property, it may be made np to Bs. 10. This will 
give Bs. 31,240 pae annum. 

On the whole then I estimate the net revenue as follows 



Bs. 

Sale of water for irrigation 

. . 18,42,420 

Tolls on Navigation . . 

2,00,000 

Mill rent 

M .. 67,500 

Miscdlaneous 

81,240 


Total Bs. 21,41,160 


which would- give a return of 8f per cent, on the outlay of 245 
laldis of Rupees which I have recommended. 

If it were not for the Navigation, the profits would come to 
10 per cent, per annum. 

The revenue will however be of slow growth, and it will do 
harm to attempt to hasten it. We must recollect that the canals 
must be used to enrich the people before they will be able to 
afibrd to pay in lull for the water. I do not expect that the rate 
of profit would reach 6 per cent, for 8 or 10 years after the irri- 
gation is brought into operation. 

SaoxiON XVL — ^Methods of CABavcre our the woeks obadtjally. 

It will -probably be considered desirable to carry out the works 
by degrees, and if so, I think the Patna line is the one to com- 
mence with, as it ifidudes the navigation which will replace and 
supenede the most directly that^ the Soane river. 

In order to cany out this branch, it would not be necessary 
to dOQStruot the permanent dsm across the Soane. We may. With 
^e temporary dam, calculate upon getting 4 feet dq>th of water 
in the East^MainOanal, which will give a discharge of 634 cubic 

^ sec<md,— -within 200 feet of tiie full discharge of the Patna 
Iin the rainy season the full discharge would of course'be 
wV^^hle for the rice crops. 
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The dofift of this p^iHion 

' . 'V "'.‘•.‘V' r s^f •' ; ' 

Temporary Dam ..v ..* W 

Eastern Lock Chaimel Head ... , i 60(11^ 

Share of all other Expenses of the Hei^ WQrki^ say . ... , . 'H', . . lfiO,W 

EstaUiflhment ... ... ... 4B,(fi7 

• Ml .'..r 

80 ^r cent. ... ... ... ^ 1,15, W 


Total for Head worka 
Eastern Main Canal ... .., 

Patna Branch and subordinate hnea 

Patna Navigation line ... ... 


13,01,458 

41.00^000 

8,63,684 


Total •„ Hb» 

The outlay would be spread over about 6 years. Probably 
6 lakhs of Rupees would be requi^jd in the first ; 16 m the second 
year ; and the remainder at 16 lakhs a year in the three last years. 

The return to be expected may be reckoned as follows^ 138 
cubic feet per second of the above-mentioned discharge beings re- 
served for Navigation. 

: ■ Bs. 

400 Cubic feet per second of discharge for irrigation^ at Bs. 900 ... 3,60i060 

Deduct charges on a larger supply to make up for the repaidng of 

larger channels, say on 600 cubic feet per second, at Bs. 170 1,08,000 


2 , 68,000 

Net return from Navigation, say ... ' ., ... 1,00,000 

27 Mills at Bs. 600 each “ ... ... ... 18,600 

Sale of produce, &c.^ at Bs. 10 on foil ^ply disehugo of 800 cmbk^. , . 

••• .. ... ♦ ... ... ^ ^8,Q00 

Total 8i79,600 

irhich would ^ve 6 per c^t. oii the dattay. ; 

If a fiirther outlay could be i^srd^ the Airah Bi^cH might 
be undertaken simuItaheouBly. oir immediately ^ter ihe above. 
Vor this similarly we ahould imt require to construct pemi» 
hent Item. Without it wes^uld be able^' ^ ^e |AK»k Cbwm^ 

■ • ^ ' 14 ' ' 
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Head, to get 5^ feet of water in the West^an Main Caaalj which 
wSd give a supply of upwards of 1^000 cubic feet per second, of 
which we cannot use on the Main Line and Arrah Branch above 
840 . cubic fei^ per second, allowing 100 cubic feet for navigation 
wiidismall locks. 


The outlay required will be~' 



Bs. 

Western Lock Channd Head 

Other expenses at the Head worksp say 

... 1,33,978 
... 66,027 

Establishment 

2,00,000 

25,000 

30 per cent, added ... 

2,25,000 

60,000 

2,85,000 

Western Main Canal ... ... ... ... 17>74,276 

Arrah Branch, excluding cost of large lo|k8 with the share of Establish- 
ment and other charges due to them ... ... 33,83,475 


68,92,761 

The returns would be — 


740 Cubic feet per second for irrigation, at Bs. 730 net 

Kavigation with small locks^ say ... ... 

81 MOls at Bs. 500 

Produces at Bs. 10, on 840 cubic feet per second of disdiarge 

... 6,40,200 

... 10,000 

... 15,500 

8,400 


Total ... Ba. 6,74,100 

eqiial to lOi per cent. « 

The united ou^y for these two parts of the project would 
be 118 laikhs, and the united net returns Be. 9,63,600, being 8 
per cent. 

To undertake the Arrah Branch first, would yield a more 
tenq>ting return; supposiag, as above, that no large locks for 
navigation were attempted. The outlay, if the temporary dam 
wm charged upon this work, would exceed about three lakhs 
w^t has been above set down ; but would yet yield a profit of 10 
•jfia oi^, per annum on the same calculation. The temporary dam 
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on the Soane would noVbe a nih^ gveititt'bhstraoiien to the navi* 
gation than the temporary bridge at Dehree for the Grand Trunk 
Boad ; and the withdrawal of 840 bnbio febt per aeeond firom the 
Soane would, in ordinary seasons, make no appreciable difference in 
the navigation. I should however regret a determination to com* 
mence upon this line only, as delaying tire introduction of the 
improved navigation, which, although we cannot reckon with 
certainty upon such large returns firom it as firom the irrigation, 
seems yet to be of more importance as a public benefit. 
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REPORT OF 1853: 

From Lieut. H. Dickens, to tlie Secretary to the Govt, of Bengal. 

Calcutta, %Wi January 1853. 

Sir, — 1 HAVE the honour to request you will do me the favour 
to lav before the Mosi> Noble the Governor the accompanying 
Note of a project for Canals chiefly for irrigation in certain dis- 
tricts under the Government of Bengal. 

k I need not say anything to prove the advantages of irriga- 
tion, which it is well known is in many parts of India the only 
means by which a spring crop can be produced at all, and in the 
drier the localities where a spring crop can be raised without 
irrigation, Ihe introduction of irrigation has been found to increase 
the produce by 50 per cent. Tlie labour attendant on the common 
moaes of irrigating the crops is, however, a circumstance not so 
geuorally considered, but it is a matter of immense importance 
V’hen it is borne in mind that all the vast quantity of water pro- 
cured from wells, or from tanks below the surface of the soil for 
irrigation has to be raised from 10 to 30 or 40 feet in order to be 
ap])lied to the crops. It must be evident that the expenditure of so 
much labouring force as is required to raise this water is a great 
drain upon the productive resources of the country, and the con- 
struction of works affording means of reducing this labour, is a most 
imj)ortant public benefit. Some definite idea of the efiect of such 
works may be formed from the consideration that the Ganges Canal 
is calculated in irrigation alone to perform the work of nearly 
300,000 men and 1,200,000 bullocks employed throughout the 
irrigating season ; and besides this will afford labouring force in the 
way of transport of goods by rafts or boats propelled by its current, 
and in turning machinery by the more rapid flow of its waters at 
the falls. 

3. To explain briefly the nature of the project I submit, I must 
observe that in Northern India there are two methods practised on 
the large scale for obtaining the advantages of irrigation for the 
crops by the natural flow of water, that is avoiding the expense of 
raising the water by machinery or animal labour. One of these 
methods is to dam across small valleys, so as to arrest the surface 
drainage water of the rains, and to cause it to flow out in the 
proper season upon the fields below the dams ; the other method 
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is the conveyance of water in canals from rivers in the hills so as 
to cause it to flow down upon the plains at a higher level than the 
land to be irrrigated. The first mode is applicable to parts of the 
country having a succession of high and low lands at short inter- 
vals,* and the second to extensive plains lying at the foot of masses 
of hills in which there are rivers having a considerable supply of 
water all the year round. 

4. In addition to the advantages of irrigating much of the 
land by the natural flow of water, the two kinds of works alluded 
to admit of extension of irrigation by the use of labour, and com- 
monly by a smaller expenditure of labour than is required to raise 
water from wells or from tanks at the ordinary depth below the 
soil, and in the cases in which they have been constructed, the retain- 
ing dams and the canals have afforded a good supply of water where 
before the supply was scanty, uncertain, or altogether wanting. 

6. The plan I propose is a combination of the two abovemen- 
tioned methods of procuring irrigation by the natural flow of water 
to suit the case of extensive plains lying at the foot of hills, in 
which there are no rivers having any considerable supply of water in 
the dry season. I propose to form reservoirs in the hills to be filled 
by surface drainage from the rains, and to lead the water of these 
reservoirs by means of canals over the plain country for use during 
the dry months. 

6. The paper contains such a general discussion and feasibility 
of the project and of its prospect of being beneficial to the people 
and profitable to Government as I have been able to draw up from 
the information I could procure, chiefly Colonel Cautley and Colonel 
Dixon^s works ; but 1 have not thought it advisable to draw plans 
of canals or reservoirs, or to fix upon their courses, sites, or dimen- 
sions, without the precise information only to be procured by a 
specif survey of the locality in which it is proposed to construct 
the works. 

7. My plan does not contemplate any heavy expenditure until 
after a ftdl local investigation and subsequent experiment on a small 
scale shall have proved the project to be feasible and beneficial, 
and ^en.it can be extended gradually as financial convenience and 
other considerations may render its extension desirable. 

8. I beg to add that I have not ventured to submit this paper 
for the orders of Government without consulting the Engineer 
Officers residing in Calcutta and others I thought likely to be able 
to judge of the matter, and that the opinions I have obtained from 
all are such as to lead me to hope the project may prove worthy of 
adoption. 

I have, &c., 

C. H. Dickens, Lieut. 


* This includes continuous somewhat steep slopes. 
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NOTE ON A PROJECT FOR CANALS IN CERTAIN DIS- 
TRICTS OP BENGAL. 

At a time when the constructions of canals for irrigation and 
navigation is attracting so much attention in India^ it may be 
acceptable to the Government to bring forward a scheme by which 
works of the same nature may be constructed in districte within 
the jurisdiction of Bengal. 

2. 1 shall chiefly confine my remarks to the Shahabad District^ 
because it is the best suited to my purpose, and because I am bet- 
ter acquainted with it than with any other district under the 
Government of Bengal. What is said of Shahabad will, however, 
be in a great measure applicable to the other districts, to which I 
shall afterwards briefly refer. 

3. The district of Shahabad is in shape nearly triangular^ 
its shortest side to the south-west being in mass of hills of con- 
siderable elevation, and of the two longer sides, the one to the 
north north-west is bounded by the Rivers Kurumnassa and Ganges, 
and the other, to the south-east by the Soane. The rivers which 
take their rise in the hills to the south-west of this district, like 
most other hill streams, become very violent torrents in the rainy 
season, and cut their channels deep below the surface as they 
descend into the plains. In the dry season consequently when 
there is but little water left in the channels, that little water is so 
far from the surface as to be deprived of much of its value for 
irrigation, because of the great labour that must be expended to 
raise it to the level of the crops. I have seen no fewer than 14 men 
in the irrigating season employed at one time and in one spot 
raising water stage by stage from the channel of the Kurumnassa 
River to irrigate one small patch of cultivation. And with wells 
the expenditure of labour is not less, for the water in them is no 
nearer the surface. 

4. Now a canal for irrigation, the supply of which is 
derived from hills, is so contrived as to descend by an easy slope 
to the plains, so that the water surface shall not, as in ri^prs, be 
suddenly carried deep below the surface of the soil, but sBall always 
remain above, or at least not much below it. The consequence 
is that, in supplying the water of a canal to irrigation, all labour of 
raising it to the surface is avoided, and a mere opening in a chan- 
nel led from the canal to the field to be irrigated is all that is required. 
If a properly contrived canal were* constructed to pass by the spot 
when I saw the 14 men employed in raising the water &om 
the Kurumnassa, one or two boys to open and close the irrigation 
openings would do all the wor^ of irrigation, and the 14 men 
and others similarly situated would be at liberty to apply their ener- 
gies to cultivating more land, or could devote themselves to some 
branch of productive industry. 
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5. Prom this it appears that a canal must be wanted where- 
ever the crops require irrigation, and that the urgency of the 
want will depend on the depth below the surface from which the 
water must be raised to be applied to the crops. The banks of the 
Kurumnassa are nearly the lowest part of the Shahabad District, 
and the water there is from 25 to 30 feet below the surface of the 
soil. It is likely therefore that water will in general not be found 
much nearer the surface in the rest of the district, and I may, I 
think, infer that canals must in general be much needed there. 

6. From the direction of the water-courses it appears that in 
crossing the district any where in a direct line from the Soane to 
the Ganges, the highest portion of the route would be found near 
the Soane nearly in a line from Sasseram to Arrah. The district 
may naturally be expected to have a fall from Sasseram towards 
Arrah, though it would' appear that the difference of level is not 
great. There may perhaps be diflSculty from want of sufficient fall 
in carrying a canal all the way to Arrah ; but for the greater part 
of the district there is evidence of ample slope of the ground to- 
wards the Ganges, and 200 miles of canal might very advantage- 
ously be laid down, it appears, with no engineering difficulty worth 
speaking of, if we could only be assured of a sufficient supply of 
water from the hills. 

7. The water for the supply of Jumna and Ganges Canals 
is afforded by the rivers from which they derive their names. But 
in the . hills in the south-west of Shahabad we have no streams of 
sufficient magnitude in the dry season to supply 200 miles of irriga- 
tion canal. We must therefore resort to the method of supply by 
reservoirs. This means is very commonly resorted to in the canals 
of Europe, where rivers cannot be made available, although of course 
inferior in convenience and efficiency to a river supply. The reser- 
voirs are generally constructed by throwing dams across valleys, 
particularly mountain valleys, and are contrived to receive drainage 
water from heavy rain, and all small streams in the neighbourhood 
which the owners of the land can spare are also directed into the 
reservairs,4ind it is even found worth while in some parts of Eng- 
land to hire the Sunday discharge of Mill-streams, and to pump 
water by steam from marshes and fens. 

8. Now the difference between the nature of the process by 
which the supply of the reservoirs of the canals I propose is effected, 
and that by which reservoirs in Europe are filled, arises from two cir- 
cumstances : first, from the supply for a canal of irrigation in this 
country being so much greater in proportion than for any canal fed 
by reservoirs in Europe ; and secondly, from the effect of the periodi- 
cm rains, which will oblige us to collect and store all over water in 
one grand operation during the rainy season, and to discharge it 
all in one grand ope]»»tion in the dry season, so separating two pro- 
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cesses which in Europe are carried on to some extent simulta- 
neously. 

9. The result of both these points of difference is, that the 
body of water to be collected in the reservoirs for the canals I pro- 
pose must be vastly greater than what is required for European 
canals ; and in this result is contained the whole difficulty of the 
scheme I bring forward. 

10. In estimating the required and probably obtainable sup- 
ply of water, it will be convenient to state the quantities in terms 
of the depth to which the water would fill a reservoir of a mile 
square and with perpendicular sides. This will be more brief and clear 
than speaking of millions of cubic feet. For the Grand Junction 
Canal in England, the 8 reservoirs contain about 1,600 millions of 
cubic feet, that is, about 58 feet in depth of this imaginary reser- 
voir of a mile square. This supply is for 90 miles of navigable 
canal. But for 100 miles of irrigation Oanal in India, of sufficient 
magnitude to irrigate the lands for 4 or 5 miles on each side of it. 
Colonel Cautley estimates the supply of water required at 800 cubic 
feet per second, which for a dry season of 300 days* would be 744 
feet in depth of the imaginary reservoir, or more than 12 times the 
([uantity required for one of the largest canals in England. I 
have not been able to find any sufficiently detailed account of the 
canals of Italy and the South of Prance, to enable me to state how 
lar their supply is derived from reservoirs ; but it appears that 
reservoirs are extensively resorted to in those countries for irriga- 
tion.t 

11. The supply required for the 200 miles of canal for the 
Shahabad District would therefore be a quantity of water equal to 
1,488 feet in depth of this imaginary reservoir to be stored up annual- 
ly in the hills, but this is from Colonel Cautley^s estimate for the 
maximum supply of a canal fed by rivers. For a canal fed by 
reservoirs it would be extravagant to allow all the year round 
the ftdl supply which is only required during the irrigating sea- 
son ; during that season the full supply might be allowed say for 
60 days, and for the rest of the season when the water would only 
be required for ordinary household wants and for the want of cat- 
tle for certain minor crops, and to make up for loss by absorp- 
tion and evaporation, perhaps one-fourth of the maximum supply 
would suffice. If this can be arranged the whole supply for the 
season need not be more than fiOO^feet depth of the reservoir, that 
is of water actually to be discharged by the canals, and allowing 50 
per cent, for absorption and evaporation in the reservoirs, the total 


* The dry season is usually 9 months or 270 days, I allow a margin of 30 days. 

t [This was a mistake as regards Italy. Sec Colonel Baird Smith’s Italian 
Irrigation, since published. — 1861 .] 
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quantity to be stored up may be reckoned at 900 feet in depth of 
the reservoir of one mile square. 

12. To judge of the practicability of retaining this quantity 
of water three points must be considered : — 

1st. Whether so much can be drained off from the surface of 
the hills. 

2nd. Whether it can be brought into the reservoirs. 

8rd. Whether it can be kept long enough in them. 

13. In considering the first point, I shall begin by stating 
the bulk of rain water which falls in the hills. The fall of rain 
in that part of the country is generally from 30 to 50 inches in 
the year, say 36 inches or 3 feet. Then the area covered by the 
hills about 1,000 square miles, the total fall of rain will be equal 
to 3,000 feet in the depth of the imaginary reservoir, so that if we 
could collect but one-third part of this, the quantity would be 
ample for the proposed 200 miles of canal on the reduced estimate; 
and if we could store up two-thirds of the whole fall we might 
supply the canal with Colonel Cautley’s maximum supply during 
the whole year. 

14. Next (still on this first point) I refer to the drainage 
water crossing the Grand Trunk Bo^, which runs along the foot of 
these hills at a distance not exceeding 15 miles. The road has 3 
large bridges and 184 drains of sizes; and these have been proved 
so entirely inadequate to carry off the floods, that large works are 
still in progress and under estimate for increasing the water-way by 
many thousand square feet. The bridge over the Kurumnassa 
River has a water-way of about 5,500 square feet, and is at times 
so over-charged by the floods, that the water rises over the crowns of 
the arches and on the up-stream side the water level is variously 
reported on different occasions as being from 14 inches to 2^ feet 
above the level on the down-stream side. If the difference of 
level be taken at 18 inches, the ordinary hydraulic rules would give 
the mean velocity of the river at 10 feet per second, making the 
discharge 5,500 cubic feet in a second. That is to say that in a 
five days* flood there /runs to waste, through this bridge alone as 
much water as would fill our imaginary reservoir’ to 853 feet deep, 
or in other words nearly as much as would feed the 200 miles of 
canal for a whole season. A five days* flood in this river is no un- 
common thing, and gives but a small quantity of water compared 
with the discharge of a whole rainy season ; and as the water-way 
of this bridge is not one-fourth of the whole water-way of the 
drains and bridges on the road, there appears no reason to fear but 
that the required quantity of water from the proposed canals is 
forthcoming. 

16. The next question is, can we collect so much water into 
r^rvoirs in the hills# That immense bodies of water have been 
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collected in various parts of India in lakes by throwing dams 
across '^leys is well known. In Ajmere and Mhairwara alone 
Colonel %ixon has constructed in this way (or found ready con- 
structed) tanks or lakes which when full cover in the aggregate 36 
square miles. ' In the narrow and deep valleys of the Shahabad hills* 
composed as those hills are of excellent building stone, there appears 
to be no reason why we should not be' able to construct barriers at 
intervals each forming a lake so as to stop all the surface drainage 
of the rains, and to collect the discharge of the perennial streams 
in the dry season. The work would not be expensive, considering 
its magnitude, because besides the building stone there is lime-stone 
and plenty of wood to burn it, and we know from Colonel Dixon^s 
rates in much the same construction in Ajmere, and from Captain 
Knyvett^s on the Grand Trunk Boad in the Shahabad district, that 
such work and work in that locality can be done very cheaply. Of 
course nothing like a definite estimate can be made till the hills 
have been examined, and the sites and dimensions of the dams fixed 
upon, but I shall give a rough calculation based on the cost of 
Colonel Dixon^s work further on. 

16. The last point for consideration as to the reservoirs is as 
regards their power of retaining water for a long period. This can 
only be judged of by examples, and I am sorry that I cannot at 
present £md any examples recorded in sufficient detail to enable me 
to state the facts in figures. All the large tanks formed by dam- 
ming across valleys all over India, are known to retain water as a 
general rule all the year round; and from what I have seen of 
Colonel Dixon^s works I should say that exclusive of the drains 
on them for irrigation the wastage in a season is not more than 30 per 
cent. ; — ^that is for the larger tanks : the small tanks of 4 or 5 feet 
deep of course run dry. 

17- I come now to the question of the cost of the entire un- 
dertaking. But before proceeding further I would wish it to be 
understood that I by no means intend, in speaking of 200 miles of 
canal, that such a length should be constructed at first, even if the 
scheme appears feasible on close examination. It was necessary, in 
order to estimate the feasibility of the scheme for irrigating the 
whole or a large portion of the district, to speak of the water sup- 
ply on a large sc^e, and I continue the same scale in going on to 
speak of the cost. 

18. The rough estimate I am now to give naturally divides 
into three heads • 

1st. Expense of storing the water in the hills. < 

2nd. Expense of conveying the water from the hills to the 
plains. 

* Vide Captain Sherwill^B Descriptive Asiatic Joimial, Vol. XVL, para. 1, 
March 1847, page 279. 
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3rd. Expense of distributing it over the plains. 

19. On the first head I must derive my information &om the 
cost of Colonel Dixon^s reservoirs. On the second and tmrd from 
the Ganges Canal raised estimate of 1850. 

The six large tanks Colonel Dixson describes in the greatest 
detail (not being old works renewed or embanked tanks on iW- 
land) are — 



Names. 

Greatest 
depth 
of water. 

Area in Local 
Beegahs. 

Cost. 

1 

Elabra ... .*• ... 

20 

450 

6,248 

2 

■>. ... ... ... 

28 

600 

16,550 

3 

Gohana ... ... 

24 

260 

4,270 

4 

Burrar ... 

36 

220 

4,000 

6 

Duratoo ■•. ... *** 

26 1 

1,000 

25,995 

6 

Shreenuger 

25 

800# 

14,649 



Total ... 


71,602 


The two last are in Ajmere local beegahs, 1>936 Sqr. yds. 

The rest in Beawar do., 1,^64 do. 

* Given, by a misprint, 300 in Colonel Dixon’s list. 

The mean depth of these tanks is not given by Colonel Dixon ; 
but assuming it to be Jrd of greatest depth, and reducing the 
quantities of water thus calculated to the standard of the imaginary 
reservoir I have before taken as the standard measure, I find that 
the quantity of water in all six tanks is equal to 10 § feet depth 
of the reservoir, which gives the rate of storing water Rs. 4,300 
nearly for each foot in depth of the said rr ervoir, sluices and escapes 
included. 

20. Turning now to Colonel Cautley^s papers, the Estimate of 
the Granges Canal may be roughly stated thus : — 

6,750 cubic feet of water per second conveyed 24s 
miles &om the hills to the plains, at Rs. 35^ 
per foot per mile Rs. 65,68,750 

6,750 cubic feet of water per second distributed 
over the plains, at Rs. 1,275 per foot 86,06,250 

Total 6,750 cubic feet per second conveyed and 
distributed, at Rs. 2,100 per foot Rs. *14,175,000 

21. For the proposed Canals in the Shahabad district the cost 
calculated after these data will be — 

Quantity of water equal to 900 feet depth in a 
reservoir of 1 mile square collected and stored 
in the hills, at Rs. 4,300 per million feet ... Rs. 38,70,000 

Colonel Cautley’a detailed Estimate is Bs. 14,619 less than this. 
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1,600 cubic feet per second conveyed at average 
distance say of 10 miles to the plains at 

Rs. 35i per foot per mile Rs. 8,68,000 

1,600 ditto distributed over the plains at 
Ks. 1,275 per foot 20,40,000 

# ■ I ■ 

Total 1,600 cubic feet per second stored, con- 
veyed, and distributed at about Rs. 4,000 per 
cubic foot " 64,78,000 


This makes the cost of the proposed Canals, in proportion to the 
supply of water, nearly double that of the Ganges Canal, 

22. I have first given the rough Estimate exactly on the entire 
data of the cited works without attempting to adapt them to the 
case in hand ; but I conceive that views given of the expense is 
more unfavourable than it should be, because in the Shahabad District 
there would be the advantage «pver Colonel Dixon^s works of a 
better field for selection of favorable sites for dams so as to enable us 
to make them less costly in proportion to the water retained ; and 
over Colonel Cautley^s works there would be the advantages of 
very cheap district for building, of a less difiicult country to carry 
the water over to the plains, and of less distance over which to 
distribute the water, and therefore smaller and less expensive chan- 
nels and bridges. Besides these matters I have left out of consi- 
deration the very important items of the dry season discharge of 
the rivers. This I cannot pretend to estimate with anythin^ like 
accuracy, but as I know the Kurumnassa down in the plaini^as a 
discharge of 30 or 40 feet per second,- the whole discharge of all the 
rivers in the hiUs may perhaps be reckoned at 100 cubic feet per 
second. 

23. Allowing this we should only require to store up 620 feet 
depth of the imaginary reservoir, in order to supply the 200 miles 
of Canal. 

The work of those Colonel Dixon describes which most nearly 
suits the circumstances of the Shahabad Hills is the Burra Tank, 
which cost only Rs. 2,666| per foot in the depth to which its 
waters would fill the imaginary reservoir. 

The Etawah branch (or fork) of the Ganges Canal is of dimen- 
sions to contain the discharge of the whole of the Canals 1 propose 
if taken on one line, that is, it affords about 190 miles of irrigation, 
and it has locks at its termination to descend to the Jumna, The 
estimate for it is as follows 

Earth-work ... ... ... Rs. 6,03,869 

Masonry 7,03,290 

Contingencies at 6 per cent " 65,367 


Total Rs. 13,72,516 
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Reducing the cost of masonry to one-half, as per Shahahad 
rates,* this becomes 

Earth-work Rs. 6,03,869 

Masonry 8,51,645 

• Contingencies 47,775 

Total R«. 10,03,289 


which is about Rs. 660 per cubic foot of discharge per second taking 
it at 8 cubic feet to the mile before. 

The country through which these Canals will have to be carried 
from the hills to the plains is so much easier than the country 
the Ganges Canal has to cross that (considering the cheap rate of 
the district) the cost of that part of work may be taken at one-half 
of the rate of Colonel Cautlcy^s Bstimate. 

24. Putting all those considerations together, I give now a 
lower estimate for the proposed 200 miles of Canals, thus : — 

Water stored equal 620 feet depth of a reservoir 

of a mile square, at Rs. 2,666§ per foot , . . Rs. 16,53,000 

1,600 cubic feet of water per second carried over 
an average of 10 miles of hills to the plains at 
say Rs. 17f per foot per mile 2,84,000 

1,QP0 ditto distributed over the country, at 
Rs. 660 per foot " 10,56,000 

Total Rs. 29,93,000 

which is under Rs. 2,000 per cubic foot of discharge per second, and 
something below the cost of the Ganges Canal water. 

25. The first item of this estimate I believe still to be over- 
estimated ; but it will hardly be safe to make any further reduction 
until the county has been examined. I will only state that from 
Captain SherwilPs ^Jeological Map and Sketches thereon it appears 
that one of the valleys (near the Shurgurah Port) which receives 
the drainage of 120 square miles of hill country, has a gorge 
of only a few hundred feet wide, with high perpendicular 
sand-stone rocks on each side to dam this. To the height of 100 feet 
would probably not cost Rs. 1,00,000, and the reservoir formed 
might certainly be made to contain i of the whole required supply 
for the 200 miles of Canal, and at this rate 4 lakhs instead of 16 
would, form the first item of the estimate. This shows how greatly 
the estimate may be reduced if the examination of the hills give 
favourable results. 


• Prices have risen greatly since this was written. — ^1861. 
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26. Going on now to the question of returns, I give an abstract 
of the actual returns of the Jumna Canals on an average for the 
last five years — 


On each cubic foot of the maximum discharge 
per second. 

Western Jum- 
na Canal, 
maximum dis- 
charge 2,000. 

Eastern Jumna 
Canal, maxi- 
mum discharge 
800. 

Gross return from water rent mills, rafting tim- 
ber, &c., of which the water rent is about 85 
percent.... 

153-4 

186-9 

Deduct expense in Establishment and Uepairs . . . 

68-1 

95-4 

Balance net return 

85-3 

91-5 


which gives a return clear of expenses of a little more than 4 per 
cent, on the Ganges Canal Estimate and lower estimate of the 
Shahabad Canals, and about 2^- per cent, on the higher estimate. 

27. The Jumna Canals, however, have not yet attained a 
degree of employment equal to the full working power of a well 
contrived Canal. Colonel Cautley reckons that each cubic foot of 
discharge per second should irrigate 350 beegahs or 218 acres, and 
the water rent being R, 1 per acre, this would give a gross 
return of Rs, 218 per cubic foot of discharge, add Rs. 32 for 
mills, rafting, &c; total Rs. 250; and from this deduct expenses 
at Rs. 80, being about the average of the Jumna Canals, and there 
remains a net return of Rs. 170 on each cubic foot of water dis- 
charged per second, which is 8]^ per cent, on the lower esti- 
mate, and about 4 on the higher. 

28. But the direct revenue on Canals is not the main thing 
looked to in the North-Western Provinces. There the chief return 
is taken to be indirectly in the revenue arising from the increased 
cultivation of the country. I believe the nature of the revenue 
settlement in Bengal will prevent any return from the outlay on 
Canals in the shape of increased land revenue. But if the culti- 
vator cannot be made to pay a fair price for the advantages of the 
canal from the rent of the land, it is right .that he should pay in 
the way of rent for the water. 

29. The irrigation by wells of 10 acres of land requires, 
according to Colonel Cautley^s calculation, the employment of two 
men and eight bullocks, while the same effect where there is a canal 
can be produced by one-fifth part of the labour of one lad. The 
mere cost of the labour employed in well irrigation, therefore 
10 acres of land, taking it for two months in the year, cannot be 
less than Re. 24 per annum ; for the cost of canal irrigation we 
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have the fifth part of the labour of the boy for the two months 
not more than R. 1^ and the water-rent at R. 1 per acre^ Rs. 10 ; 
total Rs, 11, or not half the cost of the well irrigation. But besides 
the difference of actual labour, there is the loss of capital sunk 
in pucka weUs, or the expense of the renewal and repairs of cutcha 
wells, which are much more costly matters than the constructions 
and repairs of irrigating channels from the canal. 

30. This shows that even in the most unfavourable case, namely, 
that in whicli the cultivator has means of irrigating his land, he 
would gain greatly by the construction of canal, and that he could 
well afford to pay a much higher rent for the water, if he does 
not pay increased rent for the laud it enables him to improve or 
bring into cultivation. It appears therefore that the nature of 
the land settlement in Bengal need be no obstacle to canals being 
made as profitable an investment of Government Funds in Beng^ 
as in the North-Western Provinces. 

31. Again, I find from the printed return that the Shaha- 
bad District contains 2,085,561 acres of cultivated and culturable 
land, and that the revenue assessments is Rs. 13,94,397, that is only 1 0 
annas 8^ pie per acre. Tlie average of the assessment in the North- 
Western Provinces is Rs. 1-12-11 per acre of cultivated land ; so 
that on a settlement like that of the North-Western Provinces the 
revenue of Shahabad might be nearly trebled if all the land could 
be brought under cultivation. This shows to how great an extent it 
would be worth the cultivators^ while to pay water rent for canals. 

82. For the Husli Canal in the Punjab the people now actually 
pay Rs. 2-6-8 per acre for water rent ; and from all accounts of 
the busy agricultural prosperity which follows the introduction of 
the means of irrigation, in all parts of India, I feel no doubt but 
that the people would be most willing to pay Rs. 2 per acre for 
water rent in the Shahabad district as soon as the advantages of 
the canal come to be fully understood, considering that the cultiva- 
tors there can be taxed nothing more for the land the canal would 
enable them to cultivate or to improve, 

33. Doubling the Jumna Canal rate of water rent (that is, 
making it Rs. 2 per acre) would make the return on the proposed 
Shahabad Canals, estimated by those of Jumna Canals, about 10| 
or 12| per cent, on the outlay as per lower estimate, and on the 
higher estimate from 5| to 6| per cent. ; or taking the full working 
rate as per Colonel Cautley^s calculation of the irrigating powers 
of canals, the return would be 194 per cent, on the lower, and 
about 10 per cent, on the higher estimate. 

34. I have now stated all I have to say on the prospects of 
the proposed Shahabad Canals considered merely in view to their 
chief object, irrigation; and the same advantages may, if the 
scheme succeed, be obtained on the south bank of the Soane in 
Behar from the hills in which are the sources of the Fulgoo, 
Morhur, &c., and also as far as the progress of civilization and 
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population admits of a prospect of any return in the other Districts 
all round the same mass of hills^ to the valleys of the Damooda and 
Dalkisore. 

35. It may not be out of place here to suggest that .if the 
case be considered made out^ that the proposed Shahabad Canals 
have a fair prospect of yielding a goodjijretum, a similar or perhaps 
a better return would, in all probability acrue from the construction 
of a canal with a river supply obtained from the Gkinduck* in 
the Sarun and Tirhoot districts. The British dominions extend 
sufficiently far up the stream of the Gunduck to allow of a good 
head of supply. The south parts of these districts frequently want 
water, and the lower part of the Canal would be a great boon to 
the Tirhoot planters, and proportionally profitable to Government. 
I speak of course only from general knowledge, and subject to cor- 
rection after a detailed examination of the river and districts. 

36. Next to the irrigation of the crops in ordinary seasons, the 
canal requires consideration as a means of guarding against the evils 
of drought. Until the possibility of retaining the water at a 
reasonable cost for one season is fully made out, it would be pre- 
mature to reckon on retaining it so long as to secure the country 
against the danger of famine from the failure of a season^s rains. 
But granting that from a moderate season^s rain water could be 
laid up in the reservoirs so as to suffice for the irrigation of the 
crops for the succeeding dry season, and that we could afford room 
in the reservoirs for more water, I think the excess of water in 
years of more than ordinary plenty might be retained for years of 
deficient rains. The greater the quantity of water collected, the 
smaller is the proportion of the wastage by evaporation and absorp- 
tion to the whole, so that any excess remaining in the reservoirs at 
the conclusion of any one dry season would not only be an addition 
to the next season^s supply, but would have the effect of diminish- 
ing the percentage of the next season^s waste, and thus would 
cause an accumulation from year to year so long as the fall of rain 
was not much below average. Besides this we have the chance of 
the not uncommon occurrence of r^n falling plentifully in the hills 
when very little falls in the plains.^ But it must be confessed that 
Canals fed by reservoirs to be filled by rain are very inferior to 
Canals fed by perennial rivers as preservatives against famine. 

37. The advantages of navigation would of course be to a 
great degree obtainable from these Canals ; but unless the supply of 
water proves to be very ample for irrigation, it will not be prudent 
to attempt to carry the navigation down to the Ganges. Could this 
be done however the Canals, besides allowing of the cheap transport 
of fire-wood, timber, and building materials, and also iron ore to the 
valley of the Ganges, might be made the means of conveying coal 
from the Palamow and Singrowlee Coal fields, as also possibly from 
Kurhurbalee and other parts. Reservoirs might be established in 


* Perhaps also from the Koosee to the east of Tirhoot. 
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the plains to relieve those in the hills of the expense of locka^ 
for the descent into the Ganges^ and additional reservoirs woidd 
have to be constructed from the part of the Canal carried back 
through or round the hills to the coal basins. The Engineering 
difficulties of this latter operation would be obstacles to bringing 
the Canals into use for the ^nsport of coal ; but with so great an 
object in view, the obstacles should not be considered insur- 
mountable. Considering how much of the expense of the Canals 
will be paid by irrigation, this means of transport will probably be 
found cheaper than any other. 

38. A most important advantage in the scheme of Canals I 
propose on, which is almost peculiar to it, is in regard to the floods 
to which the districts bordering on the hill tracts in Bengal and 
Behar are liable. If the system of reservoirs for arresting the 
rain water in the hills were universally introduced, these floods now 
so destructive and difficult to control, would be stopped at their 
fountain head. All the difficulties in regard to embankments 
would be at an end, and the waters now wasted, and by which so 
much damage is annually done, would become the means of increas- 
ing the fertility in the dry months of the very plains which before 
they covered with devastation in the rainy season. 

89, In the early days of such countries, when the population 
was thinly scattered and the people rude, the floods from the hills 
pour down upon the plains, and cover them with fertilizing deposits ; 
but when the plains have become fertile, and the population 
thickens, and the people increase in civilization, the floods become 
injurious, and sh’ould„if possible, be restrained. The hills still serving 
a purpose of usefulness should then become the platform on which 
to place the apparatus of feeders and reservoirs by which to water 
the plains below in the dry season. 

40. The last point of view in which I shall urge the advan- 
tage of this scheme of Canals is as a means of instructing the 
natives of the country. The effect of an example of practical 
science applied to such purposes as will be best understood and 
appreciated by the people of theittistricts, must do much in educat- 
ing the general intelligence of tKe community. There is more in a 
Canal to excite curiosity and stimulate the desire of instruction 
than there is in roads, bridges, or any sort of mere buildings, and 
though not so striking an example of applied science as a Railway, 
the application of a Canal being to purposes more interesting to 
native agriculturalists will make it a better example for them. 

41. The matter I have now brought forward is not intended 
os proof of the practicability of the scheme I have proposed, but 
only as a prima facie view, which appears to me sufficiently pro- 
mising to demand a detailed Engineering (and agricultural) exami- 
nation of the country particularly referred to. And should this 
examination prove satisfactory, an experiment on a small scale might 
be made, such, for instance, as a Canal 10 or 15 miles long to bring 



down water from the hills for the crops immediately round the 
town of Sasseram and for the use of the town. The crops round 
a large town are generally of greater value than those far out in 
the country, and to irrigate them would give a better prospect of 
a good return for the expenditure on the Canal, while at the same 
time the ecl&t of supplying a large tovgi with abundance of water 
in a new way would go far to excite an interest in such under- 
takings, and makes the whole scheme popular in the district. 

42. The valleys in the Shahabad hills which are the most 
important for this project, form two clusters, the gorges of one 
cluster uniting close under the Fort of Shergurh, and of the other 
four or five miles cast of Chynpoor. The gorges of the remaining 
detached valleys would form the sites of reservoirs sufficient to feed 
short Canals to irrigate poHions of the country near the hills, and 
larger reservoirs, or systems of reservoirs, at the gorges of the two 
clusters would supply Canals leading 50 or 60 miles into the plains, 
curving towards the Kurumnassa and Ganges, and not carrying the 
irrigation much beyond the junction of these two rivers. Further 
extension of the irrigation would depend upon the possibility of 
bringing the flood-waters of the upper portion of the Kurumnassa 
across the hills into these two main clusters of valleys, so as to aug- 
ment the supply from the reservoirs established in them. The 
water of the lower portion of the Kurumnassa within the hills and 
of its tributaries in the Mirzapoor district appear to be the property 
of the Mirzapoor and Benares districts, except so much of the 
water of the Kurumnassa as could be made to flow in a Canal along 
the right bank of the river as far as the junction of the Door- 
gowtee. 

43. Without the results of a survey of the country made for 
the purpose, it is useless to enter into further details of the probable 
positions of the dams and reservoirs, or of the facilities or difficulties 
which are likely to be met with in conveying this water to the pro- 
per points of discharge upon the plains, or of the directions and 
lengths of several Canals and branches. The object of the present 
paper is only to state the project generally, and to point out the dis- 
trict in which I conceive it can bes£ be tried. 


January 1853. 


I have, &c., 

C. H. Dickens. 


From the Under Secy, to the Govt, of Bengal^ to Lieut. C. H. 
Dickens, — No. 137, dated Fort William^ hth February 1853. 

SiE, — I am directed the Most Noble the Governor to 
acknowledge the receipt of your letter of the 25th ultimo, enclosing 
a note on a project for canals chiefly for irrigation in certain dis- 



XVI 


AFSJNDIX A. 


tricts under this Government, and to convey to you His Lordship’s 
acknowledgments for this able paper, the subject of which he 
desires me to assure you will not be lost sight of. 

I have, &c., 

J. W. DAutva^LE, 

Under Secy, to the Govt, of Bengal. 


Extract from a Despatch from the Hon^ble Court of Directors^ to the 
Govt, of Bengal^ in the Revenue Dept., — No. 9 of ^%nd March 
1854. 

Para. 8. We have perused the able paper on Canal Irrigation 
communicated to you by Lieutenant C. H. Dickens, and as its 
subject is one to which we attach the greatest importance, we trust 
that the suggestions contained in it will not be lost sight of. 
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From Captain C, H, Dickens, late on special duty m Shahahad^ to 
ihe Secretary to the Government of Bengal. 

Calcutta, %%nd June 1855. 

Sir, — In continuation of my letter dated Tilothoo, 22nd Janu- 
ary 1855, I have the hotiour to state that I olosed my survey of 
the Shahabad district at Sasseram on the 23rd April, and returned 
to Calcutta on the 30th idem. 

2. As it will take some weeks to plot my lines of levels and 
prepare the drawings necessary for the full elucidation of my inves- 
tigations, I beg now to furnish a Report of the general results of 
my survey, in which I shall give as much as possible of the infor- 
mation I have collected, noticing the points on which I cannot 
speak precisely till the drawings are prepared. 

3. I have not attempted to collect detailed information as to 
the quantities of land under cultivation, and bearing each distinct 
kind ot crop in different parts of the district, or in the whole dis- 
trict. To have made a complete investigation of this kind would 
require much more time than I had to give to the whole enquiry, 
and I conceive would have no practical value beyond that of the 
general information I have to give, which was obtained as follows : — 

We (myself and two Native ^jevellers) levelled over^bove 800 
miles of country, besides passing to and fro in order to take uj) new 
lines of levelling and for other purposes. As we levelled we mea- 
sured the depth of all the wells within convenient distances (or at 
least of a sufficient number when they were numerous), and noted 
the depth of water in each. We observed generally the state of 
the crops ; we enquired of the people concerning them, and particu- 
larly of the labour, cost, and effect of irrigation, and we compared 
their replies with our own observations. I also obtained informa- 
tion from the Collector's Office at Arrah on the same subjects. 

4. Bearing in mind that canals in the North-Western Pro- 
vinces are considered to be in full work when they affbrd irrigation 
to ^rd of the actual surface of the country within reach of which the 
water is brought, I think the following particulars will be found 
sufficient satisfactorily to establish the good prospects of the project 
under discussion. 

5. Excluding the hills and the jungles bordering thereon, ^bout 
^ths of the Shahabad district appears to be under cultivation, and 
perhaps §rds bears spring crops. About |rds of the spring crops 
are irrigated more or less. The portions not irrigated are the rich 
Kkadir land near the Ganges, of which the Arrah and Buxar Road 
forms nearly the south boundary ; some parts of the country near 
the lower part of the Koodra where the water is near the surface; 
the high ground near the hills, where the depth of the water below 
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the surface is too great to allow of wells being dug, and certain 
parts of the district, where the people assert they have not time to 
do the work, but where I suppose they are too indolent to take the 
trouble. 

6. The people appear to depend most on the rice|jpp, which is 
cultivated in favom’able seasons, with very little troirole, and they 
will not bestow upon the spring crops the labour which, with the 
means of irrigation at command, is necessary to bring them to per- 
fection. 

7. The irrigation of the spring crop is for the most part eflected 
by drawing water from wells by means of bullocks and the leather 
bag called a moth. In some places, where the water is near the 
surface, the weighted lever (/a^) is used, but it is a more expensive 
mode of raising water than by the bullocks and moth^ except where 
the depth of the wells is very small. 

8. There are in some places reservoirs of water for irrigation 
formed by throwing dams across the small rivers and across nullahs 
or hollows on the slopes of the hills. The surplus water is allowed 
to escape round one flank of the dam. The only large reservoir of 
this description I saw was across the Kao near Bikramgunj. It has 
a dam nearly three-quarters of a mile long, and 16 feet high in the 
centre, and was said to have been constructed under the orders or with 
the assistance of the Collector. The Kao is stated to be dammed in 
13 other places, but on a much smaller scale. There are also tanks 
supplied %)m channels dug to tl^ larger hill streams (Soora, Door- 
gowtee, &c.), so as to be fiUed when the streams are iif flood. All 
these reservoirs are used principally for the rice cultivation, and are 
generally exhausted before they can be used for the spring crops, or 
at least after the first watering, 

9. I return now to the irrigation from wells by means of the 
bullocks and mothy as being the method most generally employed 
for the spring crops, and from which therefore I calculate the v^ue 
of irrigation in the dry season. 

10. The wells are not deep, reaching generally from 18 to 28 
feet below the surface : on the average perhaps 22 feet. But the 
supply of watei^ is in most parts of the district scanty, and little 
more than a foot remains in the wells while the moth is in use. 

11. To irrigate the crop the water is run through the fields 
in channels, whence it is sprinkled over the crop with wooden 
scoops. This mode of irrigation is very inferior to that practised 
in other parts of India (and for opium in Shahabad) of allow- 
ing the water to submerge the whole field plot by plot. 

12. With wells of the average depth the irrigation requires 
two pairs of bullocks (to work and rest by turns) and two men 
at the well, besides a woman or boy in the field to form the 
channels and sprinkle the water. On an average one nfioth will 
water about l-ths of a beegah (fths of an acre*) in a day. A 

* The beegah of 3,025 square yards is used in Shahabad. 
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labourer who has received an advance of money from his employer 
gets 2^ or 3 seers (6 or 61bs) of one of the cheapest kinds of grain 
as his ^ily wages/ value about 3 pice of 20 or 21 gundm (or fours) 
to the Rupee, (that is 80 to 84 to the Rupee, 40 to 42 pice to a 
shilling). A labourer not in debt is allowed 4 seers of grain, value 
about 4 of The pice current in the district, or fths of an anna of 
the Company's coinage (1-^ penny) as his da^s wages. I was not 
able to form a satisfactory direct estimate of the cost of keeping 
up the bullocks and their gear with the moth, but I found the estab- 
lished rate of hire for the two pairs of bullocks with gear and moth 
is 4 annas (6 pence) a day. The cost to the proprietor would, I 
suppose, be something less. I therefore set down the cost of one 
-day^s irrigation from wells. 

ES. A. p. £ s. d, 

2 men ... ... ... ... 0 1 6 0 0 2i 

1 woman or boy, omitted, being also 

required for canal irrigation, ... 0 0 0 0 0 0 

Bullocks and ... ... ...036 00 6^ 

One day, or to water -^ths of a beegah, 

fths acre ... ... ... 0 5 0 0 0 

To water a beegah once, therefore, costs... ... Rs. 0 8 4 

And acre ... ... ... ... ... £018 

13. The greater part of the spring crop is watered^only once 
or twice in the season, but some of it three times, particularly 
wheat. Wheat in some few places is watered four times. Where 
the irrigation was industriously applied, I generally found the rule 
to be to water barley twice and wheat three times. The excuse for 
not irrigating more in places where the above was not acted up to 
was more frequently want of time than want of water, I am 
inclined to think the real cause is often indolence rather than 
scarcity of labour. But for either case the supply of canal irriga- 
tion affords a remedy, as it saves both labourers and trouble. 

14. Excepting in the rich land near the Ganges and a few other 
favoured spots, the unirrigated crops of wheat and barley are very 
scanty, and are said to produce only from 2 to 6 maimds of grain 
per beegah (250 to 640 lbs. per acre), and those irrigated once or 
twice yield only from 4 to 8 maunds (512 to 1,024 lbs. per acre). 
Irrigated three times the crop is said to yield from 7 to 10 maunds 
(896 to 1,280 lbs. per acre) ; but the people told me if they could 
irrigate 4 times, using abundance of water, they would get from 
10. to 15 maunds of grain per beegah (1,280 to 1,920 lbs. per 
acre) . 

15. Colonel Cautley states the produce in the Seharunpoor and 
Bolundshuhur Districts to be about 8i maunds per beegah for 
unirrigated, and 13 maunds for irrigated land (1,089 and 1,702 lbs. 
per acre)* There is certainly a very much greater difference than 
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this in most parts of Shahabad ; and allowing for some exaggeration 
in the native account above given, I think the supply and use of 
abundance of water to irrigate the crops would double the produce 
of the greater part of the district. 

16. Watering 3 time^ in the imperfect way above described, 
cost as above shown about Rs. 1-9-0 per beegah (5 shillings an 
acre) for the season,* and it is evident that the money is well 
laid out. Doubling the rate of water rent levied in the North- 
Western Provinces (that is charging Rs. 1-4-0 instead of Rs. 0-10-0 
per beegah), 4 shillings instead of 2 per acre, we should be able 
to supply the cultivators with irrigation 25 per cent, cheaper than 
they get it now, and in addition give them all the advantages of 
4 thorough drenchings for their crops instead of 3 sprinklings. 
They will besides have the canal supply of water all the rest of 
the year without any further payment, and will be able to turn it 
to more profitable account in raising more valuable crops than the 
wheat and barley, which alone I have calculated upon. 

17. I found the water bags used in Shahabad hold on an 
average about 2| cubic feet of water. They were worked for short 
period at the rate of about 25 per hour, but that was not kept up 
throughout the day, and the total number raised daily was said not 
to exceed 150. To be sure of making a liberal calculation 1 shall, 
however, take it at 300. This therefore 1 take as the bulk of water 
required for l-ths of a beegah ( Jths of an acre) for one watv^ring. For 
a whole beegah this gives 500 bags (800 per acre) for one watering, 
and 2,000 (3,200 per acre) for four waterings, or a full season's 
irrigation. But this is for the imperfect kind of irrigation practised 
in Shahabad. To irrigate thoroughly I shall suppose double the 
quantity of water necessary, that is 4,000 bags or 11,000 cubic 
feet per beegah (17,600 cubic feet per acre) . 

18. The irrigating season in Shahabad commences about the 
beginning of November and terminates at the end of February. It 
lasts, therefore, about 120 days. Now one cubic foot of water per 
second for 120 days is 10,368,000 cubic feet, which will water 942 
beegahs or 588 acres. But this is the supply to be delivered from 
the canal, and it is necessary to add to it the quantity required to 
make up for the wastage in passing down the channel, in order to 
determine the discharge ;required at the canal head. 

19. There are no data for ascertaining the loss from evapora- 
tion, soakage, leaks, and thefts of water on our Indian Canals. I 

* Lieut. Col. Baird Smith (page 381, Vol, I., Italian Irrigation) makes it (omit- 
ting interest of capital) £1-11-2 1. He has, however, calculated the hire of the 
men and beasts for the whole year, while my calculation extends only to the period 
of irrigating' the spring crops. Taking the irrigating season at 4 months or ird of 
the year, the rate comes to £0-10-4|. The difference between this and my estimate 
may be owing to the greater depth of wells and the more liberal scale of irrigation. 
But the wages and cost of bullocks differ greatly from those in Shahabad. 

[See also the Extracts given at the end of this Appendix. 1861] 
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am obliged therefore to refer to the examples of Italian Canals given 
in Captain (now Lieutenant Colonel) Baird Smith’s work on Italian 
Irrigation. They are as follows 


Page of 
Volume 1. 

Name of Canal. * 


in cubic 
[>er second. 

11 



|ls 

H 

Loss 

feet] 


116 

Caluso 

440 

90-65 

20-6 

224 

Naviglio Grande ...... 

1,851 

168-25 

8-6 

254 

Muzza 

2,652 

477- 

18-0 

276 

Martesina 

843 

105- 

12-4 


On the whole 

6,786 

830-9 

14-3 


From this I infer that even in the dry climate of Shahabad 
we ought by good management to be able t(jL the wastage under 
20 per cent. Deducting tliis proportion it al that each cubic 
foot per second of the discharge at the canal tiead ought to supply 
irrigation for 754 beegahs (or 470 acres), something less than Jths of 
a square mile. 

20. In practice in the North-Western Provinces it is, however, 
found that each cubic foot of the discharge will not irrigate on the 
average more than 350 beegahs (218 acres), or little more than Jrdof 
a square mile. Even making a large deduction for the imperfec- 
tions of the canals, it still appears that the canal water in the 
North-Western Provinces is very wastefuHy applied by the culti- 
vators. With the view of inducing economy in the use of the 
canal water contracts for letting the discharge from established 
openings were entered into on the Western Jumna Canal when 
under the superintendence of Lieutenant Colonel Baker, so as to 
levy the water rent on the quantity of water supplied instead of on 
the area of land irrigated. But to carry out this principle in full 
it is necessary to have some uniform and accurate system of mea- 
suring the discharge of water from each outlet. This matter has 
for some time engaged the attention of Lieutenant Colonel Smith, 
who is about to establish Modules according to the Italian system on 
the Ganges Canal, and levy water-rent in proportion to' the dis- 
charge measured by means of these contrivances. 

21. Anticipating the success of this plan, I may I think 
calculate that each cubic foot of water supplied per second will 
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irrigate 512 beegahs (320 acres) or ^ a square mile,* and follow- 
ing the Ganges Canal Committee, I shall suppose one-third of the 
gross area of the flat portion of the district, excluding the Ganges 
Khadir land, will need to be supplied with irrigation, or that 2 
cubic feet per second must be supplied for every three square miles 
of the gross area. 

The sources of supply are — 

(1) . Reservoirs to be formed in the vall^s where the hill 
streams issue into the plains. 

(2) . The Soane. 

22. In regard to the first source of supply, I have to state 
that as far as I could ascertain (there being no regular register) 
the rain fall in the hill tract of Shahabad does not exeeqd 3(> 
inches per annum on an average. Judging from the data given for 
supply reservoirs for towns in England, I suppose we may calculate 
on being able to collect Jrds of the rain fall, that is to say, — 
2 X (5280)* =2 X 27,878,400 = 65,756,800,— 55 millions of cubic 
feet per square mile of gathering ground, ' 

23. A supply of one cubic foot of water per second for the 
whole year is equal to 31,536,600 cubic feet, and this is sufficient 
for 1-J- square miles. Adding 50 per cent, for soakage and evapo- 
ration in the reservoir, the quantity to be collected for the purpose 
is equal to 47 millions of cubic feet, or for each square mile of 
the gross area of the district to be irrigated 31-^ millions of cubic 
feet. 

24. The rivers from which the reservoirs are to be filled are 
subject to very violent floods, which do great injury to the crops, 
but their more moderate floods are highly beneficial, and are made 
the source of supply of tanks for the rice cultivation by throwing 
dams across the rivers themselves, or across channels lead from them 
into natural or excavated hollows. 

25. I think it will therefore be right not to attempt to detain 
the full quantity of water drained from the hills, but using the 
reservoirs as regulators to let portions of it escape into the rivers 
from time to time during the rainy season, as it may be required 
for the rice crops. 

26. I have taken therefore the land to be irrigated from the 
reservoirs as about equal to the gathering grounds. This allows in 
each square mile of drainage— 


* Since writing the Above I have seen Lieutenant Colonel Smith’s calculation 
appended to his draft of new rules for the distribution of water. For spring crops 
he aUows 4 waterings of 8 inches each, or in all one foot spread over the surface, 
which gives 43,660 cubic feet per a<ire in 130 days, whence, making no deduction for 
loss in the canal, a cubic foot per second is considered adequate to water 360 acres 
of q>ring crops for the season. 
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Cubic feet. 

To be stored for the supply of the Canals. . . 31,500,000 

To be let off for the rice cultivation 24,256,800 

Total ... 56,766,800 

27. This I believe the cultivators will receive the full benefit of 
their own tanks in addition to the canal supply all the year round. 
But if there be any deficiency, the latter may be reduced during the 
season when water is least required. 

28. I apprehend, however, that the supply of water calculated 
will l)c found ample, and that a considerable saving may be made 
by reducing the expenditure of water at the seasons when it is not 
much required, so as to accumulate from year to year an increased 
supply of water for use in case of dearth. I have therefore added 
extra reservoir room to the extent of 27 per cent., making the whole 
storage room 40 million cubic feet per square mile of land to be 
irrigated. 

29. From this should be realized water-rent at Es. 1-}- per 
beegah for ^.rd of the area to be irrigated (or ' ^^=341-^) beegahs, 
being Rs. 426;} per annum (or four shillings per acre on 213^ acres, 
£l2-13-4). Setting aside half of this for establishment, current 
expenses, and ordinary repairs, the other moiety will at 6 per cent, 
represent a capital of Rs. 4,266-10-8 (£426-13-4) to be laid out on 
storing water for each square mile, according to which calcula- 
tion the maximum remunerative rate is Rs. 106-10-8 (£10-13-4) 
per million cubic feet. In the Madras Presidency the ordinary rate 
appears to be Rs. 40 (£4) per million cubic feet. Colonel Dixon^s 
rates in Mhairwarrah amount to Rs. 150 for the principal tanks, but 
they have masonry dams, while in Madras the dams are generally of 
earth. From such rough calculation as I have been able to make 
withoTit complete sections, I believe we shall be able in favourable 
sites in Shahabad to store water for Rs. 25 or 30 the million cubic 
feet ; but for an extensive system all the sites, both favourable and 
unfavourable, must be occupied, and I do not think the average 
rate can reasonably be expected to be under Rs. 50. I set it down 
at Rs. 60 for the present. 

30. The levelling in the ravines and jungles near Slierghur 
occupied so much time that I was unable to make as complete an 
examination of the sites for reservoirs as I wished. I believe, however, 
I shall be able to give tolerably accurate estimates of the cost of 
storing water at the Tootla Koond (west of Tilothoo), the Dhooa 
Koond (south of Sasseram), and the Doorggwtee Valley at Sher- 
ghur. I also took sections of the gorges from which the Soora 
and Kora Nuddees issue, and satisfied myself, by taking a few ver- 
tical angles with the theodolite, that the lower parts of the valle 3 ''s 
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have a very gradual rise, and are well suited for the formation of 
reservoirs. I was unable to visit the Valley of the Kurumnassa or 
those of its tributaries from the west. 

81. The most important of the sites for reservoirs or systems 
of reservoirs is the many-branched Valley of the Doorgowtee above 
Sherghur, which carries the drainage of 275 square miles of countiy 
through a gorge not a mile wide between the Sherghur Fort and Raja 
Deo^s Peak. The plains slope up to the mouth of this valley, where 
they attain a height of 370 feet above the level of the sea, and 
form as it were a har of stiff clay across the gorge through which 
the Doorgowtee cuts a channel of 85 feet deep. The interior of 
the valley close to Sherghur is only 325 feet above the level of the 
sea, and it does not attain the height of 370 feet for six miles 
further up, so that it is only necessary to dam the river channel and 
stop some nullahs to pond the water up for the distance of six miles. 
The valley, however, is narrow, never exceeding half a mile wide, 
and in places contracting to one-fourth of a mile. It is sun*ounded by 
sand-stone hills from 5 to 800 feet high, consisting of a steep slope for 
one-third of their heights, surmounted by a precipice, above which is 
the table-land. A reservoir formed here would have a capacity of about 
1,000 million cubic feet. Another very good site for a reservoir 
is in the Kudhur Khoh, where a dam of 70 feet high in the centre, 
and about 700 feet long in all, will retain about 700 million cutic 
feet of water. But the joint capacity of these two reservoirs is not 
one-sixth part of what is required Mly to make use of the drainage of 
the Doorgowtee. To make full use of this drainage, it will be necessary 
to occupy every branch of the valley, as well as the excellent sites 
afforded by the great mass of deep ravines which exist around the 
Doorgowtee for the first 10 miles of its course through the plains, 
where its channel is from 80 to 40 feet deep. 

32. The Dhooa Koond is a deep valley, a mile and a half long, by 
three furlongs wide at its mouth, situated about four miles south of 
Sasseram. At its upper extremity is a water-fall (of about 150 feet), 
by which a stream having a drainage area of about 24 square miles 
descends from the table-land. Opposite the mouth of the valley is a 
small detached mass of hills, and the river divides into two, one part 
passing to the left goes through Sasseram, and under the name of 
the Kooilra joins the Doorgowtee a little above the junction of the 
latter with the Kurumnassa, while the other passing to the right be- 
comes the Add and proceeds to join the Ganges near Bhojpoor, The 
adjustment of the levels of these two branches of the stream from the 
Dhooa Koond is maintained by the Koodra branch passing through 
a rocky pass and the Kao over a very stiff bed of clay. Both are 
within two miles of the water-fall.* The clay appears, however, 
to be wearing away slowly^ and the flow of the Koodra, which car- 


* The stream has only 4 feet of slope from the foot of the boulders below the 
water-fall to these obstructions. 
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ries ofF only about one-fourth of the water, is said to be reducing 
annually. The division of the stream has long been a source of 
disputes, and it» is said that on one occasion the attempt of the 
Zemindars of the east to dam up the channel of those of the west 
led to blood-shed. The remains of the dam still exist. A very 
large reservoir with two openings (east and west) might be formed 
by including with the Dhooa Koond Valley the space between it 
and the detached mass of hills ; but this would have the inconve- 
nience of closing Hie present road from Sasseram to Tilothoo. I 
am disposed therefore to recommend a smaller reservoir, including 
the valley only, and to form others lower down, both to the e^t 
and west. The Dhooa Koond reservoir may be made to hold 2 or 
300 millions cubic feet, and the others should contain on the whole 
about 100 millions more. These reservoirs may I believe be con- 
structed at a very moderate cost. 

33. The Tootla Koond has a smaller valley than the Dhooa 
Koond, and a smaller drainage area, only 6 square miles, but the 
water fall is higher, being 220 feet. The valley unfortunately has 
a very steep ascent, and I fear it will be impossible to form a suffi- 
ciently large reservoir in it to contain the whole available discharge 
of the stream, 27 G millions cubic feet; but I believe it will be found 
practicable to form reservoirs on the upper slopes of the plain to 
liold the surplus which the head reservoir will not contain. Tlie 
reservoirs here will be more expensive than those of the Dhooa 
Koond. 

34. When I prepared the Memorandum of my original pro- 
ject for affording irrigation in Shahabad, I had not seen the Soane, 
and from the current reports concerning it, expected to find the 
supply of water in the dry season very scanty and unimportant for 
irrigation purposes. I also supposed that the level of the dry sea- 
son stream would be found too low, the country between the river 
and the Kymore Hills too difficult, and the immense width of the 
sandy bed of the river too great an obstacle to make it worth while 
to attempt to obtain the use of this supposed small supply of water 
for irrigation, I therefore made no mention of tiro Soane in my 
Memorandum. Major J. Laughton, of Engineers, after reading the 
draft of my proj^ect, suggested the Soane as a source of water sup- 
ply for Shahabad ; but he did not appear to be sanguine as to the 
capacity of the dry season stream, and had then no knowledge of the 
country between the river and the Kymore Hills. I hoped he would 
hav^ been able to give his attention to the subject on his return 
to the North-Western Provinces; but I suppose he had not time, 
as I heard nothing from him on the subject. 

36. 1 have already reported in my letter of 22nd January 
how greatly the discharge of water from the Soane exceeded my 
expectations. I have now to add that it had not been less than 
4,000 cubic feet per second up to the date of my leaving the 
district, as will appear from the following Table : — 
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Dates. 

Discharge by whom determined. 

Cubic feet 
per second. 

Bbnabkb. 

1855. 

8th January . 

Captain Dickens 

5,760 


1st February. 

Sergeant Bingham 

4,624 


1st March ... 

a M 

11,020 

A flood occurred on 
27th February. 

20th April... 

Section by Sergeant Nolan ...... 

4,350 

Discharge calculat* 
ed from Section. 


36. I also reported in the letter above referred to that I had 
found the country between the Soane and the Kymore Hills below 
the junction of the Koel to be of such a nature as to render the 
construction of a canal channel from Bandoo to Dehree quite 
practicable. The circumstance of a strip of country, generally not 
more than 5 miles wide, lying between a large river and a wide 
range of hills, upwards of 1,200 feet above it, being so little cut 
up by water-courses, is remarkable, and appears to be owing to the 
fact that the portion of the table-land bordering on the Soane is 
the highest, so that the drainage, with little exception, falls away 
from the Soane to the Kurumnassa and Doorgowtee. 

37. Including the detached hills east of Sasseram with the 
Kymore Range, the strip of country between the hills and the 
Soane may be considered to commence (from the north) at the 
Grand Trunk Road. Proceeding up the Soane (south) no low 
(Khadir) land is met with for the first 20 miles.* The drainage for 
the first 15 miles is away from the Soane; of the first five miles at 
the northern extremity, part of the drainage falls into the Ka5, and 
part into a nullah which joins the Soane, and that of the rest of the 
15 miles into nullahs which join the Tootla, and so eventually 
reaches the Soane at Tilothoo, nine miles from the Trunk Road.f 
The next fiv% miles having a drainage towards the Soane through 
several nullahs, the largest of which is spanned by a 22 feet arch, 
brings us to the Khadir land, which extends from three miles north 
of Akberpoor to one mile west of Bandoo, being about 11 miles 
long, and in very few places more than li miles wide. The 
Hoosenee Nuddee leaves the high ground and passes through the 
Khadir at Akberpoor. The Khadir land is terminated by a rocky 
hill which juts into the Soane just above the narrowest part of the 
river at Bandoo. Not far above this is another rocky hill opposite 
the junction of the Koel. Between these two hills and the Kymore 
range the flat country rises considerably and falls again higher up 
the Soane, so that it would be difficult to carry a canal to Dehree 

[# There are two small strips : one east of Tombi^ and one south of Dehree.— 1861.] 

[t This needs some correction in details ; see Report of 1861.] 
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from any point of the Soane much above Bandoo ; and the difficulty 
is increased by the country being vcay much cut up by nullahs. 

3S. In the first line I levelled fipom Dehree to Bandoo^ I met 
with three difficulties which I shall notice in the order of their 
occurrence in returning, or going down stream. From Daranuggur 
to Shahpoor I met with high land, which would require deep cutting 
for the canal channel. This I have avoided in the new line by 
keeping to the Khadir land. In my first line I found the Khadir 
land I passed through near Akberpoor at the crossing of the 
Hoosenee Nuddec too low, being liable to inundation when the 
Soane and Hoosenee are in flood at one time. This may be avoided 
by taking a line nearer the hills, but it involves some rather deep 
cutting, as the ground is very uneven. The third difficulty was the 
passage of the Tootla, which I had crossed where its channel is 
enlarged by the junction of the nullahs carrying the drainage of 
the country right and left. By crossing higher up the new line 
avoids these, and the Tootla aqueduct will be a comparatively 
small work. 

99. The width of the Soane across the flood stream between 
the Villages of Khabra on the right and Bandoo on the left bank, 
I found to be 5,978 feet. The greatest depth of water at the time 
I crossed (11 th April) was seven ^eet, and the greatest depth at 
flood appeared to be 24 feet. On the Shahabad side (at Bandoo) 
rocks occur in the bank and extend to a small distance (110 feet) 
into the river bed. From such examination as I could make 
without borers, I believe the remainder of the bed will be found to 
consist of sand to a very great depth. On the Behar side (at 
Khabra) there is a high kunkur mound or small hill which runs 
back into the country at right angles to the river, and is far above 
the reach of the floods ; but the bank at Bandoo is only just above 
the flood level, as pointed out to me, and it may be necessary to 
construct an embankment above the canal head to a rocky hill 
which juts into the river about a mile higher up. 

40. The Dam or Annicut across the Soane at Bandoo will have 
a length of about 6,000 feet, with a foundation (excepting a small 
portion at each end) resting entirely on sand. From the practice 
of the Madras Engineers, it appears that wells sunk to a depth of 
10 feet below the bottom (in this case 17 feet below the dry season^s 
water surface) will afibrd a sufficiently secure foundation, provided 
a wide platform be constructed below the dam. I believe the 
work may be built for Bs. 100 or 120 the running foot, or 6 or 7 
lakhs in all. Half this expense will be chargeable to the Canal for 
the irrigation of Behar, should such a work be ordered. 

41. It thus appears that there will be no difficulty in carrying 
the water of the Soane to Dehree, whence its distribution over 
the district must be considered in conjunction with that of the 
supply from other sources. But I must first remark that the people 
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of the district have a prejudice against the use of the Soane water 

for irrigation, in support of which 
they refer to the petrifying pro- 
perties of the water; and it is 
asserted that since the last severe 
floods, it has been found impossi- 
ble to raise sugar-cane near Arrah, 
But this prejudice appears to have 
no solid foundation, and as far as 
my observations go, is most accu- 
rately disposed of by Dr. Bucha- 
nan (about A. D. 1811) in the 
passage of his Report on the Dis- 
trict of Shahabad, extracted in 


“They (the floods) are always sup- 
posed to do injury^ and in fact often 
overwhelm the crops of rice. This 
seenie to have led to an opinion that 
the water of the Soam River is highly 
destructive to vegetation^ which is very 
generally assertedand believed through- 
out the district. This quality of the 
Soane water was so often and universally 
insisted upon that 1 began to be stag- 
gered, when on the upper part of the 
river’s course I discovered some indus- 
trious persons watering their lands 
(from the Soane) with the utmost suc- 
cess, though the soil is very poor. 
Majriin’s Eastern India, Vol. 1., pp. 
396—7.” 


the margin; and to his remarks 
I may add that the formations of mud which occasionally take 
place amongst the sands of the Soane are almost always cultivated 
when the watem recede after the rainy season. 


42. For the distribution of these various sources of supply of 
water, according to their several capabilities, the general levels of 
district appear most favourable. The result of my levelling opera- 
tions cannot be accurately shown till the complete dra^vings have 
been made ; but to give a general idea of the slope of the country, 
I have sketched contour lines on the accompanying map, by trac- 
ing on the Revenue Survey Map the villages noted in my Field 
books. These lines are sufficiently accurate indications of the levels 
of the country to show the facility of affording irrigation, and par- 
ticularly from the Soane Canal at Dehree, which will be the chief 
source of supply. 


43. The distribution of the sources of supply is shown on 
the map by the shades below noted, and the number of square miles 
to be irrigated from each is as follows : — 


Rivers and Reservoirs. 

Colour on the 
Map. 

No. of square 
miles. 

/ 

Eurumnassa 

Yellow ... 

150^ 

Kora and Soora 

Green 

2CMi 

Doorgowtee 

Pink 

287 

Dhooa Koond and Reservoirs near Sasseram... 

Blue 

102 

Soane 

White 

2,037 

Total 


2,780i 
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The rough calculation of the areas of drainage and irrigation 
IB shown on a separate sketch map. The drainage of the Kurum- 
nassa is omitted, as the Shahabad district will draw little upon it 
compared with Mirzapoor and Benares. 

44. I have now to notice the use which may be made of the 
contemplated canals as navigable channels, and particularly with 
reference to the valuable products of the hills to the south of the 
Shahabad district, on both banks of the upper part of the Soane. 

45. Fuel from the jungle wood in the hills is an article for 
which a cheap means of transit to the large cities of Benares, 
Ghazeepoor, Arrah, &c., is most desirable, and which will no doubt 
be carried largely on the canals. 

46. Building stone may also be reckoned as an article for 
which the navigation will be much used, the quality of the stone 
in the Shahabad Hills being quite as good if not better than the 
Chunar stone. 

47. Lime-stone , — ^There is in these hills a large quantity of very 
hard dark grey lime-stone which takes a good polish. It is v^uable— » 

1st. As a source of lime for mortar. 

2nd. As a paving marble. 

3rd. As metal for roads where kunkur is scarce, or in super- 
session of kunkur. 

48. Iron has been largely worked in former days in the Shaha- 
bad Hills, as is evident from the great quantities of slag to be found 
at the gorges of the valleys. There are no works now (except at 
Soorkce, which I did not visit), and the natives attribute the slag to 
the remains of the workshops of the giants {Asur), I found a 
good deal of scattered iron ore, and in one or two places observed it 
piercing the sand-stone in veins ; and though I had not time to make 
any such systematic examination as to enable me to say whether 
there is any prospect of success for iron works on the large scale 
on the English plan, I am satisfied that small smelting furnaces, 
such as are used on the Continent of Europe, might be worked to 
advantage in Shahabad. On the right bank of the Soane there is 
a large quantity of excellent iron ore, of which I received many 
specimens when at Benares some years ago. 

49. The coal of the Palamow and Singrowlee Fields is 
the nearest to the North-Western Provinces of any yet discovered 
in India. It has hitherto been very moderately brought into use, 
omng to the heavy land carriage and the difficult navigation of the 
Soane. This coal would no doubt furnish large employment to any 
safe and direct means of water carriage, particularly now that there 
is a prospect of the immediate construction of the Bailway in the 
North-Western Provinces, 

60.^- The above will be sufficient to show that the canal from the 
Soane will be very useful for navigation as well as irrigation. But 
I am persuaded it will also be worth while to construct a canal 
solely for navigation to carry the coal and other products of the 
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hills from the Soane Canal near Sasseram to the Ganges between 
Benares and Chunar. 

61. It is stated by Dr. Hooker (Journal, Asiatic Society, 
October 1848) that the water of the Ganges at Benares was 
determined by Prinsep to be 300 feet above the level of the sea, 
the same as the elevation of the Soane at Dehree, "determined by 
Dr. Hooker himself. The latter altitude is, I believe, very accurate ;* 
but if so, the Ganges at Benares is by my levels only 173 feet above 
the level of the sea, being 127 feet lower than the Soane at Dehree. 
This difference of level makes the construction of the navigable 
canal, proposed above, a much less simple matter than I had hoped 
to find it before I took the levels. But still I believe it will repay 
the cost, and it is at least worth while to frame a rough estimate. 

52. The following are therefore the works which I am pre- 
pared to recommend, and for which, with His Honour’s sanction, 
I shall submit such estimates as I have data for as soon as 1 have 
reduced the levels taken during my survey. I have sketched the 
whole on the accompanying map, and to give some further idea of 
the magnitude of the works, I add, in enumerating them, a rough 
calculation of their cost formed by comparing the works with Colonel 
Cautley’s estimate, and the circumstances detailed in the foregoing 
report. In estimating for the canals I have taken the cost of larger 
channels of Ganges Canal than are required in Shahabad, to make 
up for the extra excavation consequent on a greater declivity. 

1 . — Western Soane CanaL 

Anicut or dam at Bandoo, 6,000 running feet, at 

Rs. 120 ... ... ... 

Deduct half chargeable to Eastern or Behar Canal 


Head works at Bandoo 

Twenty-two miles main channel on scale of 3rd 
Division Ganges Canal, or at 12^ lakhs for 70 
miles ... 

Bemainder calculated at six branches of 40 miles 
each on scale of 6th Division Ganges Canal, or 
at 70 miles for 6 lakhs 

Aqueducts, Hooseqee 

Tootla ... 

Kao 

Banas ... 


Bs. 7,20,000 
8,60,000 

Es.T,60,000 
" 50,000 


" 3,92,000 


" 20,58,000 
" 1,00,000 
" 50,000 

" 30,000 

" 50,000 


Total Es. 30,90,000 

Add for land as per following paragraph ... 50,000 

Grand Total Bs. 31,40,000 
being irrigation for a space of 2,037 square miles at Bs. 1,54! per mile. 


* [I have since ascertained by comparison with the Bailway levels that the 
Soane low water at Dehree is about 356 tbet above the level of the sea. 1861.] 
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2 . — Tootla Reservoirs and Channels, 


Reservoir room for 6 square miles of drainage at 
40 millions cubic feet per mile^ or 240 mildonSj 


at Rs. 80 

... Rs. 

19,200 

Add for land ' 

€i 

1,000 

Six miles of channels at Rs. 1,000 

t€ 

6,000 

Add for land 

i€ 

... ... 

100 


Total Rs. ... 

26,300 


being irrigation for 6 miles at Rs. 4^383 per square mile. 

8 . — Dhooa Koond Reservoirs and Channels. 


Reservoir room for drainage of 24 square miles at 
40 millions cubic feet per mile^ or 960 millions 


cubic feet, at Rs. 60 

... ... Rs. 

57,600 

Add for land 

ft 

2,900 

Channels, 15 miles, at Rs. 2,000 

it 

... • • t 

80,000 

Add for land 

tt 

... ... 

600 


Total Rs. 

91,000 


being irrigation for 25 square miles at Rs. 3,640 per square mile. 

4 . — Doorgowtee Reservoirs and Channels. 

Reservoir room for 276 miles of drainage at 40 
millions cubic feet per mile, or 11,040 millions 
cubic feet at Rs. 60 ... ... Rs. 6,62,400 

Add for land ... ... ... ..." 33,000 

Two channels of 35 miles each at Rs. 7,000 per mile " 4,90,000 

One ditto 6 miles at Rs. 3,000 ... ... " 18,000 

Add for land ... ... ... ... " 8,500 

Total Rs .... 12,11,900 

being irrigation for 287 square miles at Rs. 4,222 per mile. 

5 . — Kora and Soora Reservoirs and Channels. 

Reservoir room for drainage of 198 square miles 
at 40 millions cubic feet each, or 7,920 millions 
cubic feet, at Rs. 60 ... ... ... Rs. 4,75,200 

Add for land ... ... ... ... " 23,800 

Four channels of 10 miles each, at Rs. 3,000 ... " 1,20,000 

Add for land ... ... ... ... " 2,000 

Total Rs. ... 6,21,000 

being irrigation for 204 square miles at Rs. 3,044 per mile. 
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^.—Navigable Canal from Sasseram to Benare^^^i which I 
cannot at present give a rough Estimate. 

53. In calculating the value of the land I have been guided 
by the Valuation Statement of land occupied for the Grand Trunk 
Boad in Shahabad^ which I procured from the Office of the Board 
of Revenue. I extract the following rates, which, however, appear 
to be extremely low : — 



Estimated gross 
value of annual 
produce or capa- 
bility. 

a 

C-. o 

Ik 

1 

1 

Kinds of Land. 

Dittolesshah 
Governm 
Land Tax. 

Deduct 10 
cent, as vil 
expenses. 

Balance net 
nual return 

Price at 20 y( 
purchase. 


Per Beeoah in Inuian Cubeenoy. 


Cultivated, 1st sort ... 

Bs. 

1 

A. P. 

8 0 

0 12 

0 

0 1 2-4 

0 10 

9*6 

Rs. 

13 

* A. 

8 

P. 

0 

" 2nd " 

1 

0 0 

0 

8 

0 

0 0 9*6 

0 

7 

2-4 

8 

15 

0 

“ 8rd " ... 

0 12 0 

0 

6 

0 

0 0 7-2 

0 

5 

4-8 

6 

12 

0 

Fallow, recent, 1st sort. 

0 

8 0 

0 

4 

0 

0 0 4*8 

0 

3 

72 

4 

8 

0 

" 2nd “ 

0 

6 0 

0 

3 

0 

0 0 3*6 

0 

2 

8*4 

3 

6 

0 

" old Ist sort ... 

0 

4 0 

0 

2 

0 

0 0 2*4 

0 

1 

9*6 

2 

4 

0 

« “ 2nd ... 

0 

3 0 

0 

1 

6 

0 0 1*8 

0 

1 

4*2 

1 

11 

0 

Jungle nullahs, pits, &c. 

0 

2 0 

0 

1 

0 

0 0 1-2 

1 

0 

0 10-8 

1 

2 

0 


Pbb Acre in Enolish Currency. 


Cultivated, superior ... 

£ 

0 

s. d. 

4 9^ 

0 

2 

4| 

0 0 2-9 

0 

2 

1*9 

£ 

2 

8. 

3 

d. 

" ordinary ... 

0 

3 

2-2 

0 

1 

ai 

0 0 1-9 

0 

1 

6*2 

1 

8 

n 

" inferior ... 

0 

2 

4-8 

0 

1 

2*4 

0 0 1*4 

0 

1 

1 

1 

1 

8 

Fallow, recent, ordinary. 

0 

1 

7-1 

0 

0 

9-5 

0 0 0*9 

0 

0 

8*6 

0 

14 

4 

** ** inferior... 

0 

1 

2-4 

0 

0 

7-2 

0 0 0*7 

0 

3 

6*5 

0 

10 

10 

old, ordinary ... 

0 

0 

9*6 

0 

0 

4-8 

0 0 0*5 

0 

0 

4*3 

0 

7 

0 

•• “ inferior ... 

0 

0 

72 

0 

0 

3-6 

0 0 0-3 

0 

0 

3*3 

0 

6 

6 

Jungle nullahs, pits ... 

0 

0 

4-8 

0 

0 

2-4 

0 0 0*2 

0 

0 

2*2 

0 

3 

7 


On the whole 1,105-4-15 Beegahs =690-3-31 acres, which *mcluded some Maafce 

or untaxed land. . 


Indian Currency .. 

. Rs. 

40;L 8 3i 

204 13 0^ 

20 7 9 

184 6 3i 

English Currency 

... £ 

40 3 1 

20 9 

2 0 11^ 

18 8 8 


Average rate 


Per Beegah 
Acre... 



3 6 4 

0 10 8 


The value of the land through which the canals will pass in 
the plains of Shahabad I estimate, according to the foregoing scale, 
to be abouh Bs. 6 per beegah (or £0-19-24 per acre). Tlie value 
of the hill country to be occupied for reservoirs will not exceed 
Be. 1-8-0 per beegah (£0-4-94 per acre). 
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For the Soane Canal will be required aa follows > 

22 mil^ main channel 800 feet, width of land 
=1,280 beegahs. 

6 Branches of 40 miles each 150 feet, width of land ^ ^ ^ 

oUZd 

=6,982 beegahs. 

In all 8,262 beegahs at Bs. 6=::Bs.4d,S72. 

Or 6,164 acres £0-19-2^ £4,957. 

For the Doorgowtee Eeservoirs I suppose the area of land to be 
occupied will not exceed 20 square miles, almost all now jungle : 
that is, the price wiU be — 

20,480 beegahs at Es, 1-8 Es. 30,720 

or 12,800 acres, at £ 0-4-9^ ... £ 3,072 

The others I calculate in proportion, that is, about 5 per cent, on 
the reservoirs, and l§rd per cent, on the canals and channels. 

54. In estimating the returns from these works, I shall com- 
pare them with the anticipated return on the Great Ganges Canal 
according to Lieutenant Colonel Smithes last calculation. The 
revenue from sources exclusive of water rent has been assumed by 
Lieutenant Colonel Smith at ^th of the latter ; but as my rate of 
water rent is higher, I shall assume Vo-th of it for the probable 
returns from other sources on the Shahabad Canals. 



Ganges 

Can^. 

Soane 

Canal. 

Reservoir 

irrigation. 


Bs. 

Bs. 

B.a. 

Cost per square mile of country to be irrigated. 

2,416* 

1,541 

4,000 


197t 

427 

427 

Ditto on other items 

33 

48 

43 

Total gross returns, work at full rate 

230 

70 

70 

Being per cent, on outlay 

9^ 

80 

111 

Deduct charges assumed as Col. Smith does ... 

2i 

21 

21 

Net return per cent, in full work 

7 

28 

91 

Working ^rd of full rate, the gross return is ... 

6i 

20 

8 

Deduct charges .., 


21 

21 

Net return when working at }rd of full rate 
per cent. 

H 

17i 

6i 


* Totfd 1,63>00,000 — 6,760 cubic feet per second of water irrigating 211 acres 
each, or distributed over three times this area 1 square mile nearly, 2,415. 

t'^?=197nMrly. 
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The average cost of the whole irrigation of Shahabad, will 
thus be about Ils. 2,200 (£220) per square mile, yielding about 
19 per cent, net return when in foil work, and Ilf per cent, when 
working at ^rds of the full rate. We may, therefore, be able to 
afford some reduction of the water rent above proposed. But this 
is a matter for future discussion. 

65. The total cost of the irrigation works for Shahabad on 
the foregoing rough estimates will be about 61 lakhs of Rupees 
(£610,000). llie total annual payments to be required of the cul- 
tivators will be 12 a lakhs (£128,000) when the irrigation is in 
full use, and lakhs (£91,500) when working at §rcls of the full 
rate. The total of the Land Tax of Shahabad is Ils. 13,94,396 
(£139,440), as stated in the printed Statistical Return. 

The irrigation in full work will cover 960,000 beegahs (600,000 
acres) of land, and will, I suppose, on the average increase the pro- 
duce of wheat and barley at least 2^ maunds per bcegah, or 320 lbs. 
(4-th of a ton) per acre. The price of the produce in Shahabad is 
about 50 seers (100 lbs.) of wheat, and 70 seers (140 lbs.) of barley 
for the Rupee (2 shillings) . Supposing the quantities equal, the 
average price will be 60 seers for the Rupee, or £1-16-0 per ton*, 
whence Rs. 1-10-8 is the value of the increased produce per beegah; 
and £0-5-2i per acre. This may, I think, safely be taken as the 
increased value of the spring crops consequent on the introduction 
of canal irrigation, and for the whole 960,000 beegahs (600,000 
acres) it makes the increase Rs. 15,42,858 (£154,286), so that 
the increase of grain in the spring crop alone on ^rd the area of 
the district will pay the water rent, leaving the saving in labour 
on the spring crop and the use of the canal for the remainde]^ of 
the year clear gain to the cultivators. 

56. Having given such a detail of these works as I am at pre- 
sent able to present, I beg to submit for the consideration of the 
Lieutenant Governor the method I would suggest as the most 
advantageous for carrying them out. I think it very undesirable 
that the whole should be put in hand at once, even if it were 
possible. 

1st. Because there would be great difficulty in getting Engi- 
neers and Subordinate Establishment. 

2nd. Because if got together they would all want the local 
experience which is so advantageous in carrying on work cheaply 
and efficiently. 

3rd. Because I think it highly desirable to unite the execution 
of these works with the development of the resources of the dis- 
trict, in workmen, in iron, coal, &c., which we must in a great 
measure procure from extraneous sources, if the work be carried on 
rapidly; whereas if we begin by establishing workshops on the 
small scale, smelting our own iron, and teaching our own Mechanics 
and Sub-Engineers, we shall soon raise an indigenous staff, be inde- 
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pendent of foreign support^ and we shall set agoing various trades 
and manufactures in the District. 

4th. Because the agricultural habits and prejudices of the 
Natives must be overcome, which will be best done by the gradual 
introduction of the new modes of irrigation ; otherwise our finished 
works may stand useless in part and unprofitable, while the people 
are learning slowly the benefit to be derived from them. 

5th. Because small works will be sooner completed than large, 
and therefore portion of the benefits to be derived from extended 
irrigation, and the returns on the expense, will be more quickly 
realized. 

57. I have stated (para. 8) that the River Kao is dammed 
across in 1 4 places, which dams retain water for the rice, but not 
for tlie spring crops. I would begin the irrigation works by carry- 
ing a small canal from the Soane at Bandoo to the Kao near where 
it crosses the Grand Trunk Road. Tliis canal should be so con- 
structed that it may be afterwards enlarged to form the main 
trunk of the Soane Canal ; but at first it should only be used to 
fill the Kao Reservoirs, and perhaps to afford a few irrigation 
channels above its junction with the Kao. The dam at Bandoo 
I would make a very temporary structure of piles, earth, and mats ; 
and I would cross both the Hoosenee and Tootla on temporary 
earthen a(|ueducts. I suppose the Zemindars would be glad to pay 
a moderate sum for filling the reservoirs, and I beg permission to 
address the Collector of Ai'rah on the subject. 

58. This temporary canal and one reservoir at the Dhooa 
Koond, and another at the Tootla, are all the irrigation works tliat 
I would recommend for immediate sanction. 

59. But it will be very desirable for the rapid and convenient 
construction of the proposed short canal to have a road from Ban- 
doo Ghat to the Grand Trimk Road practicable at all seasons. 
The present road is a very good fair-weather track, and partially 
bridged from Dehree (vi& Tilothoo) to Akberpoor, and a made road 
exists from Sasseram to Tilothoo. From Akberpoor to Bandoo 
(7 miles) the road, though practicable for carts, is a very indifferent 
track and quite unbridged. 

60. The construction of a line of road from Bandoo to Sasse- 
ram or Dehree, or some intermediate point on the Grand Trunk 
Road, is connected with the project for irrigation in another way. 
For with reference to what I stated in paragraph 3^ concerning the 
Dhooa Koond Reservoirs, the adoption of a line joining the Grand 
Trunk Road between Sasseram and Dehree would perhaps enable 
us to dispense with the Sasseram and Tilothoo Road, and occupy the 
large site for reservoirs spoken of in the paragraph quoted. 

61. Unconnected with the irrigation project, a road from 
Sasseram to Bandoo is very important for the general traffic of the 
country, and specially for the Palamo w coal. Bandoo is about 40 
miles from the Coal Field; and the addition of 40 miles of road to 
the line above referred to would give the means of bringing this 
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coal into the markets on the Ganges. It has, I believe, been pro- 
posed to make a road from Palamow to Sherghotty, and thence to 
carry the coal by the Patna and Gya Road to the former city. 

But I would suggest that the line of road from Palamow to 
the Grand Trunk Road near Sasseram is preferable for the following 
reasons — ^unless, indeed, the difficulties of the country between 
Palamow and the mouth of the Koel shall be found very great : — 

1st. The Palamow coal is more likely to be required up than 
down the line of the Ganges, because the Lower Provinces may be 
supplied from the Damoodah and Kurhurbalee Fields. 

2nd. There is a great demand for coal for the Soane bridge 
and other Railway works in Shahabad, and the line of road from 
Palamow to the Soane opposite Bandoo will secure the navigation 
of the Soane to such extent as it may be found practicable or ad- 
vantageous to use it. 

3rd. We may soon be able to afford water carriage from 
Bandoo to Sasseram, and eventually to Arrah. Hence the road 
from Palamow to the Soane at the juncture of the Koel has a 
great advantage over the Sherghotty Line. 

4th. The construction of the line of road from Palamow to 
near Sasseram could very conveniently be undertaken by the Execu- 
tive Engineer entrusted with the irrigation works mentioned in the 
56th and 57th paragraphs, as the whole will lie in a small compass. 
This is a practical advantage of no small importance while the 
difficulty of finding Engineers continues to be so great. 

62. While on the subject of the transport of the Palamow 
coal, I beg to draw attention to the possibility of rendering the 
Koel River navigable. I have not seen the river myself except just 
at the mouth. But on a sketch map of the Palamow District, of 
which Mr. Campbell, the Agent of the Bengal Coal Company, oblig- 
ingly allowed me to take a copy, I find it noted that the navigation 
of the Koel is impeded by a mass of rocks at Sicksicky, which 
might be removed by blasting. To remove these rocks would, I 
apprehend, cause a change in the declivity of the river unfavourable 
to navigation, but it is very possible that they may be avoided by 
cutting a channel with locks so as to pass round the obstacle and 
overcome the difierence of level above and below it without draw- 
ing too heavily on the discharge of the river. 

63. I have only now to add that it seems that the Soane 
affords abundance of water for the irrigation of a large portion of 
the Behar and Patna Districts in addition to Shahabad, while in 
the former districts I understand the want of water is even more 
urgent than in the latter. 

64. In requesting orders on the proposed mode of carrying out 
the irrigation works (paragraphs 55 to 57), and with reference to 
the means of communication discussed in paragraphs 58 to 61, I 
beg most strongly to recommend that an examination of the coun- 
try* on the right bank of the Soane be undertaken next cold season, 
with the view to constructing canals for irrigation. 
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65. I venture to express a hope that I may be favoured with 
the Lieutenant Governors orders on this report as early as possible^ 
in order that I may frame my estimates accordingly, and make the 
necessary arrangements and applications for Executive and Survey- 
ing Establishments, and for instruments, to carry out such measures 
as His Honour may be pleased to sanction. 

I have, &c., 

C. H. Dickens, Captain. 
PUBLIC WOEKS DEPARTMENT. 

REVENUE. 

No. if of 1856. 

OUR GOVERNOR GENERAL OP INDIA IN COUNCIL. 

With your letter in this Department dated the 19 th October 
(No. 9) 1855, you submit for our favorable consideration a plan by 
Captain C. H. Dickens of the Bengal Artillery, for the irriga- 
tion of the Districts of Shahabad and Behar. 

2. You state that you attach the highest importance to the 
various objects proposea by Captain Dickens’^ and placing " great 
reliance on the accuracy and sufficiency of the data on which his 
project is founded, and in full confidence that the result of this 
important measure will be peculiarly remunerative, and in every 
point of view beneficial to the state” you solicit us to give such a 
general sanction to the undertaking as shall enable you, on the 
submission of complete estimates for any portion of the work, to 
authorize its immediate execution. 

3. The total cost of the work is roughly estimated by Captain 
Dickens at sixty-one lacs of Rupees, or, adding the half cost of 
the dam at Bandoo which is excluded as chargeable to a canal to 
be hereafter made of the Soane for the purpose of irrigating Behar, 
to nearly sixty-live lacs. Lieutenant Colonel Baker has examined 
the estimates and, with the exception of the Soane dam which he 
thinks will cost more than is supposed, he thinks that they " give 
as fair an approximation and can now be obtained to the probable 
cost of the works.” 

4. We have carefully considered the whole project, we doubt 
not that an improved system of irrigation would greatly benefit 
the districts alluded to, and we think it probable that the under- 
taking might yield an adequate pecuniary return, but we would 
remind you that the Provinces of Behar and Benares are the most 
favored of any portion of India in their exemption from the 
calamities of drought on the one hand, and of excessive inundation 
on the other, and we think therefore that other parts of our Ter- 
ritories claim your attention for works of this character more 
urgently than the Behar Districts. The subject however is one 
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which can only be considered in the Annual Budget of Public 
Works for India and with respect to the existing state of our 
finances. In the meantime the preparation of detailed Surveys and 
Estimates may be proceeded with, so that no time may be lost 
when the fitting opportunity shall arrive for conveying to you the 
authority which you solicit. 

5. We desire that you will communicate to Captain Dickens 
through the proper channel, the high sense which we entertain of 
his services, and we fully concur in the opinion recorded by you 
that he is deserving of the highest praise for the great care 
and ability wth which he has conducted the enquiry up to the 
present point, for the great amount of field work done, and of 
valuable local information obtained in so short a time, and with 
such very little assistance, and for the clear and concise manner in 
which he has laid before Government the result of his labours.” 

We are, &c., 

London, ) (Sd.) W. H. Sykes 

Wth June 1856. 5 and other Directors. 


Extracts containing estimates of the giiantities and cost of water 
raised ly the Native methods and required for irrigation of the 
croj^s. 

The following Table is extracted from the Calcutta Gleanings 
in Science, Vol. I. (1830), page 205. 

A Table showing the performance and its cost, in raising 
water from 10 to 25 feet by different methods of employing animal 
power. The expense of each labourer is put at 2 annas (3 pence) 
per diem, except in the instance of the walking beam, just half as 
much more on account of wear and tear of machine. 



1 

.g 

1 

EB 

g 



1 

i 

CusicFjbet. 

Hours labour. | 

Total per- 
form a xce 

IN THE PE- 
RIOD. 

1 

1 

1 

1 

Hogshead per Rupee. 

Period of la- 
bour. 

ll 

i 

f 

L 

Method. 

1 

Per load. 

Per hour. 

Cubic feet. 

Hogsheads. 

1 

10 

6 

Bluing* 

2 


0*33 

400 

0 

2,400 


60 

480 

Whole day. 

2 

11 

3 

Bullocks 

1 

44 

1*76 

77 

6 

462 

67*76 

19-6 

312 

Half day. 
Whole day. 

3 

11 

1 

Walking beam 

1 


0*60 

400 

8 





1 

46 

60 

Baling 

m 


0*33 

400 

6 



6 

48 


2 

45 

6 

Bullocks 

j 

32 

1*76 

66 

12 

072 

84 

10* A 

135 

[•Whole day. 

3 

46 

a 

Walking beam 

4 


0-00 

EH 

12 

mm 


mm 

633 

4 

46 

m 

Baling 

10 


0*33 

832 

12 

3,948 

498 

6 

40 

J 


• ” Tossing water by meana of basket ladles or scoops held by ropes, from one level to another.” 
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Oleaninos in Science (CAictrrrA 1830), Volume II., paoe 29.— “A laiU from 
a well which is 36 feet to the w'ater from surface, in half an hour drew 1,357 lbs. of 
water; two men usually work from sun-rise to 9 o’clock, and from 3 o’clock to sun-set, 
or rather until dark. When the depth is moderate 3 men with 2 lathas’ water from 
about f rds of on acre to j^rd, daily. 

"Three men ahd two oxen w^ork a moth from morning until evening, with a re- 
freshment only of about f ths of an hour. Jn a well 33 feet from the surface to tho 
water, a moth in half an hour drew 7,210 ibs ; but such superiority over the lathas is 
not admitted by the natives, who contend that three lathas wrought by four men are 
equal to a moth wrought by three men and two oxen. This, however, I have no doubt 
is a mistake, unless when the water is very near the surface.” 


Table extracted from Madras Engineer Papers, Vol. II. fl846.^ 


# 

Method of Baling. 

Height raised in feet. | 

No. of men or Bul- 
locks employed. 

Lifts per hour. 

Cubic Feet. 

No. of hours labour. | 

1 

.3 

1 

1 . 

Effect of laboub. 

Per lift. 

1 

Baised 1 foot high 
X>er minute. 

} 

li 

ti 

p 

Men. 

Bullocks 









0. f. 

11 

m 

c.f. 

1 Pecottah [or Zdf] 

to 

2 

0 


1 

600 

6 

3000 

83-83 

30000 

06000 

2 Do 

20f 

2 

0 

300 

1*44 

432 

6 

2502 

145 8 

62488 

168(»04 

» Do 

201^ 

2 

0 

240 

1-0 

884 

6 

2304 

]2jrc 

46656 

115704 

4 Basket scoops 

10 

0 

0 

1320 

i 

440 

6 

2640 

73-33 

26400 

28160 

6 Common Bullock Gup-') 
pilay [or Moth.'] ... S 

11 

0 

1 

44 

1-76 

77 

12 

024 

14-116 

10163'62 

64208 

0 Do 

20 

0 

1 

00 

2 

180 

0 

1080 

00- 

21600 

116200 

7 Do 

46 

0 

1 

32 

1*75 

60 

12 

672 

42- 

302li0 

161280 

8 Rctta Cuppilay in Hor- 1 
ticultural Garden ... S 

16 

0 

1 

180 

1*32 

237-6 

8 

1000-8 

60-4 

28512 

152004 

0 Common Pump .. 

10 

1 

0 

60 

per min. 
8 

480 

8 

3840 

80- 

38400 

122880 


N. B.— This table is the result of experience gained in unwatering tho foundation of a bas- 
tion of Port St. George. 


JVom the Calcutta En^ifieer^s Journal, March 1861, pa^e 33. 

" The second source of supply, viz, wells, is the one solely used this year for land 
situated above 6 miles from the canals ; but from the failure of the rain crop, and 
the consequent scarcity of cattle forage, this method can only be adopted to a very 
limited extent, as the immense area of uncultivated land in the Doab at present 
shows. 

"Tho area of wheat land that can be irrigated by two pairs of bullocks working 
one leathern bag is about 4 acres, of barley 8 acres. ^ 

" The practice of watering is as follows : — 

"A whole ox hide, formed into a bag, is suspended at the end of a stout rope, 
tvhich is carried over a wheel fixed about 8 feet above tho well’s mouth. When the 
bag is filled, the other end of the rope is attached by a loop and peg to. the yoke of 
one pair of bullocks, which are then driven dovn the slope from the well’s mouth. 
W’'hen the bullocks reach the foot of the slope, the bag has arrived at the surface 
of the ground, where it is emptied by the attendant. In the meantime the second 
pair of bullocks has arrived at the top of the slope where the wheel is fixed, in order 
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to be ready for the next lift. These two pairs of bullocks require the attendance 
of three men. 

** One driver, one to fill and empty the bag, and the third, who under any system 
of Irrigation would be required, to g^de the water into the proper channels. 

"From personal measurement we deduce that a leather bag as used in the 
North-West Provinces contains 4*5 (four and a half,) cubic feet, and that two pair of 
bullocks, relieving each other in the manner above described, will raise this bag full 
of water to the surface of the ground forty times in an hour. Supposing the 
bullocks work ten hours a day, and taking ninety days as the working season, wo 
have the following result : — 4*5 x 40 x 10 x 90=162,000 cubic feet. One acre =43,560 
superficial feet, =3*72 acres, covered 1 foot deep with water, as the result 

of the labour of two pairs of bullocks and three men, working ten hours a day for 
ninety days. The difference between these figures and the previous statement that 
water, equivalent to a rainfall of 16 inches, is necessary for the wheat crop, is 
accounted for by the usual Christmas rains, which even this year have not failed us. 
From the above description of the well system of Irrigation, it will be seen that it 
is very expensive, and can only be of very restricted application. 

" Beside the objection of expense in working, this system is quite impracticabli 
in large tracts of the Doab, as the sandy nature of the sub-soil entails the necessity 
of masonry wells, and it is quite plain that such a well, costing at least Hs. 600 to 
even every 20 acres, is entirely out of the question. The ordinary well is simply a 
round hole, lined, for a few feet of its height from the bottom, with a wooden, or 
plaited brnfh-wood casing.'* 
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DETAILED ESTIMATES ON WHICH THE PKOJECT OP 1861 IS BASED. 
NO. 1, EXCAVATION OP CHANNEL. 

Part X.— Western Soane Canal. 



A. 

Western Canal 
Main Line ... 


Lock Channel. 


9 1 11-4 6-9 9-3 ... 

10 8-7 4-6 6*7 ... 

10*33 I 6*6 1 5*6 6*9 ... 

Escape Channel 5 Miles. 10 73 


12,130,010 

9,097,777 

21,892,670 

18,263,110 

13,895,400 

13,029,535 

12,256,315 

10,380,715 

6,325,635i 


ABSTRACT. 

117,271,197 Cubic feet of eiEcavatlon at Rs. 4 per 1,000 

feet in 6rst 8 miles 

30,796,920 Cubic feet of excavation at Rs. 2-8 per 1,000 feet 

in remainder ... 

Contingencies at 5 per cent ... 

Total Co.’s Rs ... 


B. 

Arrah Branch 

of 11th 

13*8 

4*4 

above Ranee- 

12th 

134 

6*0 

sagor branch 

13th 

14*4 

6*0 

Head. 

14th 

16-3 

6.7 


16th 

13*3 

9.4 


16th 

10*0 

6*7 


IVth 

12*8 

4.7 


18th 

13*0 

10*9 


19th 

13*2 

8*2 


20th 

9*4 

6*7 


21 at 

13*9 

6*0 


22nd 

12*1 

4*4 


~ 23Td 

11*8 

6*7 


. 24th 

9*6 

5*5 


26th 

7*0 

4*4 


26th 

9*1 

3*6 

Carried over 


... 

... 


Total of each 
Branch. 
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Names of 
Branches. 

No. of Miles. 

Depths 

Greatest. 

Least. 

Brought forward 



... 


27th 

9*7 

6-8 


28th 

12*5 

9*1 


29th 

13*3 

5*5 


30th 

131 

10*6 


31st 

10-8 

4*7 


I 32nl 

11-2 

50 


33rd 

14-6 

6-8 


Escape Channel 11 miles to 


Soane... 

... 

...| 




Total of i 
Branch. 


















NO. 1, EXCAVATION OT CHANNEL, PAST 1. xUu 


Names of 
Branches. 

No. of Miles. 

Greatest. 

Oefths 

1 

0) 

Mean. 

Width at bottom. I 

Cubic feet in each 
Mile. 

Total of each 
Branch. 

Brought forward 


... 

• 

... 


6,002,080 

238,41.7,277 


47ai 

8-9 

4-9 

7*2 


1,343,345 



4<8th 

12-5 

4*2 

10*1 


1,961,980 



49th 

9*8 

7*5 

8*5 


1,628,976 



50th 

91 

5*9 

7*6 


1,395,425 



51st 

11*8 

3,5 

7*9 


1,439,016 



52nd 

11*2 

7*4 

10*1 


2,032,960 

1 


53rd 

90 

3*2 

6*2 


1,066,125 



54th 

8-2 

2*1 

6*5 


1,124,050 

1 


55th 

6*9 

3*5 

5*4 


899,060 

i 


66th 

6*0 

2*2 

4*3 


692.376 

! 


•25 of 67tb 

3*8 

3*4 

3.5 


125,440 

! 


Escape Channe 2 miles to 

10*0 

23 

4,012,800 

i 


Soane. 






23,723,630| 


ABSTRACT. 



1 

i 






Rs. 

i 

23,723,630 Cubic 

feet of excavation at lls. 2-8 per 

1,000 

1 

cubic feet. , . . 






69,312 


Contingencies at 5 per cent. 





2,965 

j 




Total Co.'8 Us. .. 

63,277 

j 

E. 







i 

1 

Arrah Branch to 

•75 of 57th 

5*8 

3*3 

4*9 

18*5 

6,33,085 

i 

I 

Teniiinus at 

58th 

6*4 

3T 

5*3 


7,48,425 

i 

Arrah. 

69th 

7*9 

2*4 

4*8 


6.74,226 

1 

1 


60th 

11*2 

3*6 

7*9 


12,87,765 

1 

1 


61st 

61 

3*6 

5*2 


7,24,4.10 



62nd 

40 

2*8 

3*3 


4,19,555 



63rd 

8*4 

2*4 

6*2 


9,14,825 



64th 

6*5 

5-2 

6*8 


8,40,045 



65th 

7*4 

30 

6*2 


7,44,005 



66th 

9*6 

4*9 

7*8 


12,69,340 



67th 

10*8 

9T 

10-0 


17,90,130 



68th 

9*1 

4*7 

6*6 


10,16,025 



69th 

6*2 

3*2 

3*3 


4,15,226 



70th 

8*4 

2-7 

5*2 


7,32,660 



71st 

4*7 

41 

4*3 


5,77,300 



72nd 

7*2 

4-4 

5*3 


7.72,676 



73r4 

61 

3*2 

4*6 


6,21,605 



74th 

6*2 

2*9 

4*0 


6,54,890 



75th 

61 

1*9 

40 


5,31,675 


Carried over 

.... 


... 

... 

... 

16,167,766 

262,170,907 









xliv APPENDIX B. — DETAILED ESTIMATES OF 1801. 


! '■ " ' 

Names of 
Brandies. 


Depths. 

Width at bottom. 

Cubic feet in each 
Mile. 

Total of each 
Branch. 

Greatest. 

Least. 

Mean. 

Brought forward 


■ 


... 

... 

16,167,756 

262,170,907 


'76th 

7*0 

3*0 

6*2 


7,30,815 



77th 

6-8 

4*4 

5-7 

. . . 

8,29,395 



•7. of 78th 

3-9 

0*3 

2*1 


25,050 









16,763,016 


ABSTRACT. 



Rs. 


16,753,015 Cubic feet of excavation at lls. 2 per 1,000 

cubic 


1 feet 






33,506 


1 Contingencies at 5 per cent. 




. .. 

1,675 


1 

1 



Total Co.’s Rs. .. 

35,181 


1 F. 








iNansaugor Brandi 

lilt 

9*2 

3*2 

7*3 

8 

6,56,180 



2nd 

13-7 

9-2 

11*8 


16,11,565 


' 

3rd 

13*6 

11*1 

12-5 

■ • . 

17,95,656 


! 

4th 

111 

5*3 

8-8 


9,96,110 


1 

6tb 

8*2 

6*6 

7*3 

. . . 

7,43,265 


1 

6th 

7-1 

6*4 

6-2 

. . . 

5,76,905 


1 

1 

7th 

6*4 

4-6 

5-1 


4,39,000 


1 

8tb 

7-9 

6-2 

7-0 


7,04,070 


1 

9tb 

7*5 

6*7 

7-0 


6,77,200 


( 

loth 

9-6 

3-6 

5*8 


6,08,380 


1 

lltb 

4-2 

30 

3-7 


2,69,320 



12th 

6-6 

21 

4*3 


3,44,460 



13th 

5-8 

01 

3*7 


2,40,435 



14th 

3*6 

0*3 

1-5 


81,625 



15th 

2-9 

1*6 

2-0 


1,19,400 



16th 

9-9 

2-9 

6-2 


6,80,640 



37 th 

8*3 

3-7 

51 


4,31,525 



18th 

61 

2*3 

4-0 


302,605 



19th 

5-7 

2*7 

4-0 


293,550 



20th 

13-0 

2*8 

6-3 


724,920 



21st 

12*2 

9*3 

10-8 


1,400,325 



^ 22nd 

9-3 

4*2 

6*7 


660,410 



•41 of 23rd 

60 

0-6 

3*7 

... 

106,600 









14,164145 


ABSTRACT. 



Rs. 


14,164,145 Cubic feet of excavation at Rs. 2 per 1,QP0 cubic 



feet 



... t 



... ... 


28,328 


Contingencies at 5 per cent. 

... 



... 

1,416 


- 



Total Co.’s Rs 

... 

29,744 





- 

Carried over 

293,088,067 
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Brought forward 
G. 

Peeroo Branch above the Jugdispoor Branch Head, 11^ milcs^ 
with 6 miles of escape to the Bunas, total 17| 
miles, 17 feet wdde at bottom, average depth 
of cutting say 8 feet, slopes to 1. Thus 

17i x,5280 X 8 X (17 + f + 8) =cubic feet ... 

Cost, 

21,436,800 Cubic feet at Rs. 2 per 1,000 cubic feet 

Contingencies at 5 per cent. 



293,088,067 

Rs.' 

42,874 

2,114 

21,436,800 

Total cost Its. ... 

45,018 


H. 

Peeroo Branch below Jugdispoor Branch Head, 17 i miles to 
tail escape in Nala, width at bottom 11 feet, 
average depth say 6 feet, slopes as before. 
Thus 17^ X 5280 x 5 x (11 + 5 + 2i = cubic 

1 feet ... ... ... 

Cost, 

8,547,00 Cubic feet at Rs. 2 per 1,000 cubic feet 

Contingencies at 5 per cent. 

Es.' 

17,09-t 

8.855 

8,547,000 

Total cost Rs. . . . 

17,949 


I. 

Jugdispoor Branch, 17 miles to tail escape in Charyee, width 
at bottom 10^ feet, average depth say 5 feet. 
Thus 17 X 5280 X 6x (10| + 5 + 2|) = cubic 
feet 

Cost, 

8,078,400 Cubic feet at Rs. 2 per 1,000 cubic feet ... ... 

Contingencies at 5 per cent. 

rV.’ 

16,157 

808 

8,078,400 

Total cost Rs. ... 

16,065 

1 

J. 

Baneepoor Branch above escape, 22 miles, with csca])e to 
Jhooree Nuddee 2 miles, total 24 miles, width 
at bottom 16 feet, average depth of cutting say 

7 feet. Thus 

24 X 5280 X 7 X (16 + 7 + 3^) = cubic feet ... 

Cost, 

23,506,560 Cubic feet at Rs. 2 per 1,000 cubic feet 

Contingencies at 5 per cent. 

Rs.' 

47,013 

2,350 

23,506,560 

• 

Total cost Rs.... 

49,363 


K. 

Baneepoor Branch below escape, 13^ miles, including tail 
escape to Kao, width at bottom 12f feet, average 
depth say 5 feet. Thus 

13i x5280x5 + (12J +5+ 2i) = cubic feet... 
Cost, 

7,177,100 Cubic feet at Rs. 2 per 1,000 cubic feet ... 

Contingencies at 5 per cent 

Rs*" 

14,354 

718 

7,177,100 

Total cost Rs.... 

15,072 


Carried over 

l' 

361,833,927 
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APPENDIX B.' 


•DETAILED ESTIMATES OF 1861. 


Names of 
Uranches. 


No. of MUes. 



Brought forward 

L. 

‘ Sasscram Branch . I 


•43 of 11th I 18-0 
12th 15*7 
13th 18*1 
14th 19-6 
15th 17*8 
16th 18-4 
17th 13*6 
•79 of 18th 9*1 
Escape Channel 2,000 
ft. to Kao, 


•g 



-s 

.a 






5 

1 


361,833,927 


3,420,056 
5,231,925 
5,650,367 
6,619,534 
5,587,309 
5,074,948 
i 3,714,945 
I 2,349,459 
1.067,840 


38,716,383 


ABSTRACT. 

Rs. 

38,716,383 Cubic feet of excavation at Rs. 3 per 1,000 

cubic feet ... 1,16,149 

Contingencies at 5 per cent. 5,807 

Total Co.’8 Rs.... 1,21,956 


Sassenn Branch helow the trifurcation and above escape, 

22 miles, with 1 mile escaiie to Kordon, total 

23 miles, width at bottom 20 feet, depth of 
cutting say 8 feet. Thus — 

23 X 5,280 X 8 X (20 + 8 + 4) =cuhic feet 

Cost. 

30,288,640 Cubic feet at Rs. 2 per 1,000 

Contingencies at 5 per cent 

• 

Total cost Rs..,. 


30,288,640 


Sasseram Branch to end, l8-^ miles, including tail escape into 
Gooreea River, width at bottom 10^ feet, aver- 
age depth of cutting say 5 feet. 

18i X 5,280 X 5 X (lOi + 6 + 21) = cubic feet . . . 
Cost, 

8,791,200 Cubic feet at Rs. 2 per 1,000 

Contiugenicies at 5 per cent * 

Total Co.’s Rs.... 


8,791,200 


Carried over ... 


439,630,149 
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Q Brought forward 



439,630,140 

Jugjewan Branch above escape, 17^} miles, with 2 miles es- 
cape to Gooreea, total 19f miles, width at 
bottom 14 feet, average dejith of cutting say 7 
feet. 

19^ X b,280 X 7 X (14 + 7 + 3i)=cubic feet 

Cost, 

17,657,640 Cubic feet at Rs. 2 per 1,000 

Contingencies at 5 per cent. ... 

Rs. 

35.315 

1,765 

17,657,610 

Total cost Rs.... 

37,080 


P. 



Jufiffeeimn Branch below escape., 15 miles to tail escape in 
Dhiinnoutee, w^idth at bottom 9|^ feet, average 
depth say 5 feet. 

15x5,28bx5x(91 + 5 + 21)= ... 

Cost, 

6,732,000 Cubic feet at Rs. 2 ... 

Contingencies at 5 per cent. 

lls. 

13,164 

673 

6,732,000 

t 

Total cost Rs.... 

14,137 


Q. 


i 

Buxar Branch above Cliowsa Branch Head, 8 miles, with 
escaiio of 7 miles to Dhunnoutee, total 15 miles ; 
width at bottom 37 feet, depth of cutting say 
; on the average 9 feet 

1 15x6,280x9x(37 + 9 + 4i) 

1 Cost, 

1 35,996,400 Cubic feet at Rs. 2-8 
j Contingencies at 5 per cent. 

' Rs. 

89,991 

4,499 

1 

1 

! 

1 

35,996,400 

Total cost Rs,... 

91,490 


R. 



Buxar Branch below Chowsa, and above Buradhee Branch 
Head, 11 miles, with 4 miles escape to Kao, 
total 15 miles ; width at bottom ISk miles, aver- 
age depth of cutting say 8 feet. 

1 15x5,280x8y(l8i + 8 + 4) 

Cost, 

19,324,800 Cubic feet at Rs. 2 per 1,000 

Contingencies at 5 per cent. 

Rs. 

38,619 

1,932 

19,324,800 

Total cost Rs.... 

40,581 


S. 

Buxar Branch between the Buradhee, and Doomraon Branch 
Heads, 114 miles, with escape to Thora Nuddec, 

14 miles, total 13 miles; width at l)ottom 144 
feet, average depth of cutting say 7 feet. 

13 X 5,280 X 7 X (144 + 7 + 34) —cubic feet 


12,012,000 

^j|U‘ried over 



531,343,989 
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APPENDIX B. DETAILED ESTIMATES OP 1861. 


Brought forward 531,343,989 


12,012,000 Cubic feet at Rs. 2 per 1,000 ... 
Contingencies at 5 per cent. 


Total cost Rs. 


Buxar Branch to end, 18 miles to tail escape into Nala, lOi 
feet wide at bottom, average depth of cuUing 
say 5 feet. 

18 X 5,280 X 5 X (lOi 4-5 4 - 2^) = cubic feet 
Cost, 

85,53,000 Cubit* feet at Rs. 2 per 1,000 ... 

Contingencies at 5 per cent 


Total cost Rs. 


8,553,600 


Doomraon Branch, 13 miles to tail escape in Kao ; uridth at 
bottom 7 feet, depth of cutting say 4 feet on 
average. 

13 X 5,280 X 4 X (7 4 - 4 4 - 2) = cubic feet 

Cost. 

8,569,280 Cubic feet at Rs. 2 per 1,000 ,,, 

Contingencies at 5 per cent. ... 

Total cost Rs. 


3,569,280 


Buradhee Branch, 13 miles to tail escape in Nala ; width at 
bottom 8| feet, average depth of cutting say 
5 feet, 

13 X 5280 X 5 X (8i 4-5 4 - 2\), = cubic feet ... 
Cost. 

6,577,000 Cubic feet at Rs. 2 per 1,000 

Contingencies at 5 per cent. 

Total cost Rs.... 


5,577,000 


Chowsa Branch above the Kochus Branch Sead,^^ miles, with 
escape of 7 miles to Dhurmoutce, total 134 
miles ; width at bottom 26 feet, dei)th of 
cutting say 8 feet on average. 

134 >« 5280 X 8 X (26 4-8+4) =cubic feet 
Cost, 

21,669,120 Cubic feet at Rs. 2-8 per 1,000 

Contingencies at 5 per cent 


21,669,120 


Total cost Rs.... 66,855 

Carried over 570,512,989 



NO. 1 , EXCAVATION OF CHANNEL, PART 1 . 
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Brought forward 

.. t«. 

570,512,989 

X. 



Chowm Branch belovo Kochm Branch Head to escape, 12i 
miles, ilv^itb 2 mil s of escape to Koochana 
Kiuldee, total 14^ miles ; width at hottom 21 
feet, deptli of cutting say 7 feet on average. 

14|^ X 6280 X 7 X (21 + 7 4-‘3i) =cubic feet 

Cost, 

16,881480 Cubic feet at Us. 2 per 1,000 

Contingencies at 6 per cent. 

Rs.’ 

33,763 

1,688 

16,881,480 

Total cost Bs. ... 

35,451 


Y. 



Chowsa Branch to end, 15 miles, to tail escape into 
Kunimnassa; width at bottom 18^ feet, depth 
* of cutting say 6 feet on average. 

15x5280x6x (18i +6 + 3) —cubic feet 

Cost, 

il3,068,000 Cubic feet at lls. 2 per 1,000 

I Contingencies 

Rs.” 

26,136 

1.307 

13,068,000 

Toti cost Rs. 

27,443 


z. 



Kochus Branch 13 miles, to tail escar'^ into Dhurmoutee ; 

width at bottom 8 , feet, depth of cutting say 

5 feet. 

13 X 5280 X 5 X (8j + 5 + 2|)=cubic feet 

Cost, 

5,577,000 Cubic feet at Rs. 2 per 1,000 ' 

Contingencies at 5 per cent 

11,154 

558 

• 

6,577,000 

Total cost Rs. 

11,712 

» • 


Grand Total cubic feet of Channel Excavation \ 
in Western Soane Canal ... j 

|606,248,4g6 





APPENDIX B.— DETAILED ESTIMATES OF 1861. 

NO. 1, EXCAVATION OF CHANNEL. 


Part II. Eastern Soane Canal. 


Names of 
Branches. 

No. of Miles. 

Depths. 

i 

1 

rQ 

ea 

1 

Contents of each 
mile. 

Total of each 
Branch. 

S 

la 

ea 

o 

1 

a. 

Eastern Canal, 
Main Line . . . ) 

Lock Channel. 

1st 

2nd 

3rd 

4th 

6th 

6th 

7th 

8th 

9th 

10th 

11th 

12th 

Escape Cham: 
toShekhpoo 
Hi mile of 

30- 3 

29-9 

31*3 

31- 3 
33*6 
33*7 
261 
25-8 
25*2 
22*3 
22*7 
20*1 
14-1 

lel 2,00( 
raNala, 
Canal. 

11- 3 

7*2 

17-6 

15*7 

12- 3 
15*1 
11*1 
10*2 

2*1 
1*2 
11*4 
13*0 
7*2 
) feet 
from > 
) 

23*1 

19*5 

21*3 

24*3 

24*4 

25*8 

18*7 

19*0 

13*7 

12*1 

19*7 

10*9 

10*9 

10 

52 

... 

52 

7,405,404 

8,898,602 

11,281,205 

11,419,270 

11,497,155 

12.161,905 

7,974.580 

8,247,210 

5,125,350 

4,692,255 

8,563,090 

6,787,060 

3,963,040 

1,340,000 

106,359,216 




ABSTE ACT. 










Es. 


106,359,216 cubic feet of excavation at Es. 4 per 1,000.. 


4,25,437 


Contingencies at 5 per cent. 





. ... 

21,272 





Total Co.^s Es. .. 

4,46,709 


b. 

13th 

10*1 

5*2 

7*7 

38*6 

2,044,155 


Patna Branch 

14th 

141 

10*1 

12*2 

... 

3,687,390 


above Jakhoura 

15th 

11-7 

6*4 

9*8 

... 

2,841,080 


Branch Head. 

16th 

8*7 

5*9 

7*4 


1,942,095 



/ 17th 

14*5 

9*2 

12*0 


3,606,700 



18th 

10*8 

8*6 

9*3 


2,581,815 



19th 

11-3 

8*1 

9*0 


2,481,995 



20th 

0*6 

6*7 

7*4 

■ ■■ 

1,992,395 



Escape Channel 







2,000 feet to Soane 

... 

10*0 

38*5 

1,070,000 



1 






22,047,625 



ABSTEACT. 


Es. 


22,047,625 cubic feet of excavation at Es. 2-8 per 1,000 


... 55,097 


Contingencies at 5 per cent... 


... 


... 2,756 





Total Co.'s Es. 

... 57,852 






Carried over 

128,406,841 


* 








NO. 1 , EXCAVATION OP CDANNEl, PAKT 2 . 



Names of 
Branches. 


No. of miles. 


Deptus. 

In 



1 



S 

i 


& 

*3 



Drought forward 
C. 

Patna Branch be- 
tween Jakhoiira 
lit Knjhassa 
Branch Heads. 



24th 60 
25th 121 
26th 10-4 
27th 12*6 
28th 11-1 
29th 7*3 
30th 6-0 
31at 13-5 
32nd 10-1 
33rd 9-4 
34th 11-8 
Escape Channel 
3,000 feet to Soane. 


ABSTRACT 


22,330,850 cubic feet of excavation at Rs. 2-8 per 1,^00 
Contingencies at 5 per cent. 


d. 



Patna Branch bo- 

35th 

12-8 

low Kojhassa 

36th 

11-4 

and above Palee- 

37th 

6-7 

gunj Branch 

38th 

81 

Heads. 

39th 

8*6 


40th 

111 


.41st 

11-9 


42nd 

114 


43rd 

12-4 


44th 

6*9 


45th 

111 


46th 

7-9 


47th 

8-3 


48th 

4-5 


49th 

10-6 


50th 

10*3 


51st 

9-4 


52nd 

8-3 


53rd 

6*0 


64th 

5-6 

Carried over 





Total of each 
Branch. 
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APPENDIX B. — ^DETAIEED ESTIMATES OP 1861 


Namos 
of Branches. 


No. of Miles. 



Brought forward 


65th 6*3 6-0 6-6 

66th 11*7 60 101 

67th 9-0 6-3 6-9 

68th 6-9 4-0 6-3 

69th 6-6 8-1 4-5 

60th 4-9 00 4-0 


. 28,363,470150,737,691 

1,118,165 
. 2,385,555 

. 1,450,015 

1,063,455 
862,005 
787,045 
485,590 


•62 of 61st I 7-8 1-1 4-1 485,590 

Escape Channel 

3,000 feet to Soane ... 10*0 29-5j 1,335,000 

ABSTRACT. 


36,515,290 


36,515,290 cubic feet of excavation at Rs. 2-8 per 1,000 
Contingencies at 6 per cent. 

Total Co.’s Rs. 


Patna Branch be- 
low Paleefpinj 
and above Dina- 
poor B r a n c h 
Heads. 


•38 of 61st 6-4 

3*3 

d-O 26 

6Snd» 6-7 

3*5 

4-7 ... 

63rd 10-1 

4*0 

7*7 ... 

64th 9*6 

7*3 

8*7 ... 

65th 7*6 

5*4 

6*5 ... 

66th 6’5 

2*1 

4*7 ... 

67th 6-6 

2*1 

3*5 ... 

68th 9*0 

3*8 

7*0 ... 

69th 4*9 

0*9 

3*6 ... 

70th 4*1 

0*7 

3*3 ... 

•46 of 7l8t 6-3 

1*3 

2*1 ... 

Escape Channel 



4,000 feet to Soane 

... 

8*0 26 


ABSTRACT. 

11,148,960 cubic fleet of excavation at Rs. 2-8 per 1,000 
Contingencies at 6 per cent. 

Total Co.’b Rs. ... 


276,735 

842,585 

1,602,180 

1,803,080 

1,235,005 

814,505 

593,855 

1,365,075 

608,750 

565,375 

225,815 

1,216,000 


11,148,960 


Talna Branch from Binapoor Brcmch Head to terminus in 
Ganges, 27 miles; width at bottom 18 feet, 
depth of cutting, say 7 feet on the average. 

27 X 6280 X 7 X (18 + 7 + 3i) =cubicfeet 


... 28,440,720 


Carried over 
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Brought forward 


926,842,661 

Cost. 

28,440,720 cubic feet at Rs. 2-8 per 1,000 

Contingencies at 5 per cent. 

Rs. 

71,102 

3,555 


> Total cost lls.... 

74,657 


. 

JaJclioura Branch to tail escape in Poonpoon, 24t miles; 

width at bottom 9 feet, depth of cutting say 

5 feet on an average. 

24^ X 5280 X 5 X (9 -t- 5 + 2i) =cubic feet 

Cost. 

10,672,200 cubic feet at Ra. 2 per 1,000 

Contingencies at 5 per cent. 

“rs. 

21,344 

1,007 

10,672,200 

Total cost Rs.... 

22,411 


h. 

Kojhassa Branch, 27 miles; width at bottom 10^ feet, 
average depth of cutting say 5 feet. 

27 X 5280 X 5 X (10^ + 5 + 2i) =cubic feet 

Cost. 

12,830,400 cubic feet at Rs. 2 per 1,000 

Contingencies at 5 per cent. ... 

RsV’ 

25,661 

1,283 

12,830,400 

Total cost Rs.... 

26,944 


• 

1. 

Pahfjunj Branch, 14 miles ; width at bottom 7 feet, depth of 
cutting say 4 feet on the average. 

14 X 5&0 X 4 X (7 + 4 + 2) =cubic feet... ... 

Cost. 

3,843,810 cubic feet at Ra. 2 per 1,000 

Contingencies at 5 per cent 

• 

Rs.*’ 

7,688 

384 

3,843,840 

Total cost Rs.... 

8,072 


j- 

Dinapoor Branch, 20 miles ; width at bottom 14 feet, depth 
of cutting on the average say 7 feet. 

20 X 5280 X 7 X (14 + 7 + 3i) =cubic feet 

Cost. 

18,110,400 cubic feet at Rs. 2 per 1,000 ... 

Contingencies at 5 per cent. n ... 

Rs. 

36,221 

1,811 

18,110,400 

Total cost Rs.... 

38,033 


k. 

Tikaree Branch cihone Jvmmoor Branch Head, 10 miles, 
escape 1 mile into Bootana, total 11 miles ; width 
at bottom 26 feet, depth of cutting say 10 feet. 
11 X 5280 X 10 X (26 + 10 + 5) =cu&c feet 


23,812,800 

1 

1 Carried over 

296,112,301 



liv 


APPENDIX B. — ^DETAILED ESTIATATES OP 1861. 


Brought forward 

296,112,301 

CoH, 

23,812^800 cubic feet at Rs. 2-8 per 1,000 

Contingencies at 5 per cent. 

Ilsi. 

69,632 

2,976 


Total cost Rs.... * 

62,508 


L. 

Tika/ree branch heloio the Jnmmoor and above the Khurona 
branch Heads, 5 miles (no escape) ; width at 
bottom 23 feet, average depth of cutting say 

9 feet. 

5 X 6280 X 9 X (23 + 9 + 4i) =cubic feet 

Cost. 

8,553,600 cubic feet at Rs. 2-8 per 1,000 

Contingencies at 5 per cent 

Rs.'* 

21,384 

1,069 

8,553,600 

Total cost Rs. 

22,453 


m. 

Tika/ree "Branch "between the Khurona and Achore Branch 
Heads, 11 miles, escape to Madar say 1 mile, 
total 12 miles; width at bottom 20 feet, 
average depth of cutting say 8 feet. 

12 X 5280 X 8 X (20 + 8 + 4) —cubic feet 

Cost, 

16,220,160 cubic feet at Rs. 2 per 1,000 

Contingencies at 6 per cent. 

Rs. 

32,440 

1,622 

16,220,160 

Total cost Rs.... 

34,062 


n. 



Tika/ree Branch between the Achore and "Dadur Branch Heads, 

8 miles, (no escape) ; width at bottom 181 feet, 
average depth of cutting say 8 feet. 

8 X 5280 X 8 X (181 + 8 + 4) =cubic feet 

Cost. 

10,306,560 cubic feet at Rs. 2 per 1,000 

Contingencies at 6 per cent 

Rs.’ 

20,613 

1,030 

10,306,560 

Total cost Rs.... 

21,643 


/ o. 



Tika/ree Branch between *the Dadur and Hameednuggur 

Heads, 5 miles, no escape ; width at bottom . 
17 feet, depth of cutting say 7 feet on the 



5 X 5280 X 7 X (17 + 7 + 31) =cubic feet ... 

Cost. 

5,082,000* cubic feet at Rs. 2 per 1,000 

Contingencies at 5 per cent ... 

" Rs’." 
10,164 
608 

6,082,000 

Total cost Rs. 

10,672 


j Carried over 

* 

)36,274,621 




NO. 1 , EXCAVATION OF CHANNEL, PAHT 2 . 
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Brought forward 

P- 

Tikaree Branch between Kcmeedmggwr and Kutangee Branch 
Heads, 4< miles, escape into the Salonee Nuddee 
say ^ miles, total 6 miles ; width at bottom 
144 feet, depth of cutting say 6 feet. 

6 X 5280 X 6 X (144 + 6 + 3) =cubic feet 

Cost. 

4,466,880 cubic feet at Its. 2 per 1,000 

Contingencies at 6 per cent 

■ • 

tfs": 

336,274,621 

4,466,880 

Total cost Ks. 

9,381 


q- 

Tikaree Branch to end, 24 miles to tail escape; width at bot- 
tom 10 feet, depth of cutting say 6 feet on the 
average. 

24 X 5280 X 6 X (10 + 6 + 3) —cubic feet 

Cost. 

14,446,080 cubic feet at Us. 2 per 1,000 ... ... 

Contingencies at 5 per cent 

’"UsV* 

28,892 

1,445 

14,446,080 

Total cost Us. 

30.337 


r. 

Jummoor Branch, 64 miles ; width at bottom 5 feet, depth 
say 4 feet on the average. 

64 X 5280 X 4x (5 + 4 + 2) =cubic feet ... ... . 

Cost. 

1,510,080 cubic feet at Us. 2 per 1,000 

' Contingencies at 6 per cent. ... 

Us. 

3,020 

151 

1,510,080 

Total cost Us. ... 

3,171 


S. 

Khwrona Branch, 16 miles; width at bottom 104 feet, depth 
of cutting say 5 feet on the average. 

16 X 5280 X 5 X (104 + 5 + 24)=cubic feet ... , 

Cost. 

7,497,600 cubic feet at Us. 2 per 1,000 ,,, 

Contingencies at 5 per cent. ... ... ... . 

Us. 

14,995 

750 

7,497,600 

Total cost Ufl. 

15,746 


t. 

Achore Bramh, 54 miles; width at bottom 5 feet, depth of 
cutting say 4 feet on the average. 

64 X 5280 X 4 X (5 + 4 + 2} —cubic feet 

Cost. 

Ijj77,760 cubic feet at Us. 2 per 1,000 

Contingencies at 5 per cent 

• • ••• 

Us. 

2,555 

128 

1,277,760 

Total cost Bs. 

2,683 


Carried over 



365,473,021 
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Brought forward 366,473,021 

• U, 

Vadur Branch, 12 miles ; width at bottom 7 feet, depth of 
cutting say 4 feet on the average. 

12 X 5280 X 4 X (7 + 4 + 2) =cuhic feet 3,294,720 

Cost, Bs. 

3,294,720 cubic feet at Bs. 2 per 1,000 ... 6,589 

Contingencies at 6 per cent 329 

• 

Total cost Bs. ... 6,918 


V. 

. Hameedwuggur Branch, 15^; miles ; width at bottom 10 feet, 
depth of cutting say 5 feet on the average. 

154 x 5280 X 5 X (10 + 5 + 2|) =cubic feet 7,161,000 

Cost. Bs. 

7,161,000 cubic feet at Bs. 2 per 1,000 14,322 

Contingencies at 5 per cent. . ... ... 716 

Total cost Bs. ... 15,038 


W. 

Kutangee Branch, 15 miles; 94 feet wide at bottom, depth of 
cutting say 5 feet on the average. 

15 X 6280 X 5 X (9i + 5 + 24) —cubic feet 6,732,000 

Cost. Bs. 

6,732,000 cubic feet at Bs. 2 per 1,000 ... • ... 13,464 

Contingencies at 5 per cent 673 

Total cost Bs. ... 14,137 


Grand total cubic feet of excavation 
in Eastern Soane Canal .. 


382,660,741 


NO. 1 , EXCAVATION OP CHANNEL. 

Part III. lilnes for Navigation only. 


Ncmgdble line from the Binapoor Branch Head to Patna, 

27 miles, width at bottom 20 feet, depth of 

cutting say 6 feet on average. 24,805,440 

27 X 5,280 X 6 X (20 + 6 + 3) »cubic feet 

Cost. Bs. 

24,805,440 cubic feet of earth«work at Bs. 2 per 1,000 ... 49,611 

Contingencies at 5 per cent 2,485 * 

Total cost Bs. ... 52,096 

Carried over 24,806,440 








XO. 1 , EXCAVATION OF CHANNEL^ PART 3 . 
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Brought forward... 

• 11. 

24,805,440 

Navigahh Line from ihe Nansaugor Branch head to Arrah, 
20 milct}, width at bottom 20 feet^ depth of 
cutting say 6 feet on average. 

20 X 5,280 X G X (20 + 6 + 3) = cubic feet , „ 
Cost. 

18,374,400 cubic feet of earth-work at Rs. 2 per 1,000 
Contingencies at 5 per cent 

Rs. 

36,749 

1,837 

18,374,400 

Total cost Rs. 

38,586 


III. 



Navigable Line from the Kochus Branch head to tJie Ktimm^ 
nassa above ihe Bailway Bridge^ 27 miles, 20 
feet wide at bottom and 6 feet deep. 

27 X 5,280 X 6 X (20+6+3) =cubic feet ... 

Cost. 

Same as Patna navigable line... 

52,0<J6 

24,805,440 

IV. 



Navigable Line from ihe Kuroundea Bartitewr parallel to 
the Sasseram Branch as far as the head of the 
Main Navigation to Benares^ 15 miles, 20 feet 
width at bottom and say 8 feet of excavation, 
15 X 5,280 X 8 X (20 + 8 + 4) * cubic feet ... 

Cost. ^ 

20,275,200 cubic feet at Rs, 2 per 1,000 

Contingencies at 5 per cent 

’’Rs. 

40,550 

2,027 

• 

20,275,200 

Total cost Rs. ... 

42,577 


V. 



Main Navigable Ime from the end of the above to the 
Ganges above Benares, 56 miles, 25 feet wude 
at bottom, depth of cutting 10 feet on average 
66 X 5,280 X 10 X (25 + 10 + 5) =cubic feet 

Cost. 

118,272,000 Cubic feet Excavation at Rs. 2-8 per 1,000 

Contingencies at 5 per cent 

RsV 

2,95,680 

14,784 

118,272,000 

• 

3,10,464 


Grand Total cubic feet of Excavation in Lines for 1 
Navigation only j 

206,532,480 


11 
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Note to the Estimate of the cost of Excavation, 

• 

The mean deptlis entered in the column of the Estimates of the channels of which 
detailed levels have been taken are not arithmetical means on which the calculation 
of quantities are based; on the contrary these means are deduced from the quan- 
tities calculated from sections in which the depth is given at every 100 feet. 

The herm has not been cut to an uniform height above the water line, but left at 
the level of the ground, excepting in cutting of greater depth the 15 feet where it 
is placed at 8 or 10 feet above water line as shown in Plate XXI. 

The following Table gives an analysis of the rates. It is based on the sections 
given in Plate XXI., the “ lift” being the calculated height of the centre of gravity 
of the spoil hank above the centre of gravity of the excavation, and the “ lead” 
being the horizonted distance of the centre of gravity of the spoil bank from the 
centre of gravity of the half channel. 

The rates used in the estimate are higher than those given in the table ; a margin 
being allowed for difficulties arising from the nature of the soil, &c. In the deep 
cutting this is considerable, being aW't 1^ Rs.; for the rest it is ^ a Rupee. The 
rates are taken at 4 Bs., 2^ Rs. and 2 Rs., as divided offi by lines in the Table. 
The rate on the upper part of the 8asseram Branch, however, is taken at 3 Rs. 
per 1,000. 

By Coulomb's experiments the labour expended by a man in digging the ground, 
in raising a maximum weight 10 feet, and in carrying it 100 feet, are nearly as 8^, 
9i and 17^ respectively. The coat is inversely as these numbers. The prices in- 
serted in the headings of the columns arc taken from Lieut. Col. A. G. Goodwyn’s 
Ganges Canal rates, with the modifications necessary to suit this form of table. 
His rates so modified appree very well with the rates deduced from Coulomb's ex- 
periments. I have taken the dressing as digging to a depth of 6 inches, including! 
the hertns. 


TABLE. 



^ Lift at pc? 10 
e foot annua )2 ooorabio 

« per l,««o feet. S’*'"'’''""® O.inchoa UiR. 


Deep eiittiug Western 

<^suml 

Ditto Eastern ditto 

Channel, Class I. 

II. 

HI. 

IV. 

V. 








NO. 2, DAM ACROSS THE SOANE, 

A. Permanent Bam, 


lix 



B. I D. I Products, 


Masonry, 

Foundation Blocks 13 x 7 X 10 ex- 
terior diversion — 

Double line across Soane 9^600 
feet ... M22 

Single line in rear of west 
sluices and on flank . . 33 

Ditto eastern ditto ... 23 

Main wall 9600 — (357 + 213) 

Wing walls of Dam sluices 


17 1,281,426 

C 379,260 

4+7 

1,892 


Flooring western sluices • •• 

I Flooring eastern sluices ... 

Concrete under flooring in ditto... 
Piers western 39, eastern 23 — 
Body under road-w'ay 
1st Step 


66,960 

40,176 

122,265 


Road-way western 357, eastern 213 
Total Masonry 


Dry Stone-work. 

Rough stone Apron of Dam proper 
Ditto western sluices 
Ditto eastern ditto 

Total Dry Stone-work 


Iron-work, 

Iron-work for securing road-way 
over Dam sluices — 

Under bars ... | 

Over bars including join 

Tie rods ditto ... 

Pins 

Nuts ... 

Total cubic feet of Iron ... 




1,961,537 


10 I 12,100,500 
8 
8 


12,600,900 


Or Cwt. 
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APPENDIX B. — ^DETAILED ESTIMATES OF 1861. 
A, Permanent Dam, -concluded,, 



No. 

Wood^work, 

Stop boards for dam duices at 6 
to each opening 

384 

Total cubic feet planks 

... 

Clay Puddle, 


Ditto in front of wells of dam ... 

1 

Ditto rear of well of sluice flooring 

1 

Total 

... 



9,eoo 1 

20 ' 

6 

700 1 

15 

5 


ABSTRACT. 


1,961,637 Cubic feet of masonry (selected rubble) at 15 per 100 
26,220 “ of road-way beams extra cost at 15 " 

12,600,900 ** of dry stone-work in aprons at 4 “ 

1,478 Curb for masonry blocks at 25 each 

1,478 Blocks, sinking at 100 each 

312i Cwt. of wrought-iron work at 20 each 

640 Cubic feet of planking of saul at 3 per cubic foot 

1,012,500 " clay puddle at 3 per 100 

Excavating sand and turning streams, say 
Contingencies at 5 per cent. 

Total Permanent Dam, Co.'s Rs. 


1,012,500 



2,94,230 


5,01,036 

36,950 

1,47,800 

6,250 

1,920 

30,375 

50,000 

63,775 

11,29,269 


B. Temporary Dam. 

Two lines of 15 feet piles each 12,000 feet long across the river. The piles 
of each line to be driven close, and the two lines to be 20 feet apart. The lines 
to form an angle salient to the stream, so as to direct the current towards the 
sides. 

Rs. 

Say 2 piles to the foot/ or 48,000 in all, at 2 Rs. each, including driving 96,000 
Clay puddle between the piles and 20 feet below the lower line | 

4 feet deep. 40x4x12,000=1,920,000 cubic feet at Rs. 3 per I 

100 67,600 

Dry stone covering for ditto. 40 x 2 x 12,000=^0,000, at Rs. 4 per 100 38,400 

Extra day puddle at sides for bridges, say 40x4x1,000 as before 

=160,000, at Rs. 3 4,800 

Ditto stone covering 40 x 2 x 1,000=80,000, at Rs. 4 3,200 

Trestle bridges, 400 feet on west and 250 on east, at Rs. 20 per foot... 13,000 

Stop boards of coarse jungle wood, 650 x 6 x 1 x OT, at Rs. 2 780 

Contingencies at 5 per cent 10,6891 

Total Temporary Dam, Co.*8 Rs. ,,, 2,24,469 











NO. 3 , HEAD WORKS. 

A. Western Soane Canal. 



Foundation JSlocles, 

Large blocks under piers of bridge 
Small ditto and tinder centre and 

ends of bridge 

Ordinary ditto ditto in centre of 
centre walls 

Figured on genial Flan, 

Upper curved steps ... 6 

Between bridge and dam ... 7 

Below dam 14 

Figured in sepa/rate half Flan, 

Twice the number figured 

under half bridge' 90 

Figured for junction of dam 
and steps 9 

Main Bridge, 

Flooring under bridge, including 
piers but not abutments, the 
starlings of the latter 
Ditto in front of bridge, including 
starlings 

Ditto ditto, portions next to curve 

of steps ... 

Ditto in rear of bridge, including 

starlings 

Piers and abutments between star- 
lings up to spring of arch 

Starlings up to ditto 

Abutments backing river side of 

centre wall 

Ditto in rear of ditto 

Ditto ditto 

Ditto ditto 

Abutments, straight wings or but- 
tresses 

Ditto ditto 

Ditto ditto ... ... ... 

Ditto ditto 

Curved wings 

Ditto 

Ditto 

Ditto 

Ditto pillar 

Sluice piers . , 

Starlings to ditto 

Ditto above ditto 

Ditto ditto to receive groove 

Carried over ... 


8 (15x7-12x4) 17 

12 (9-5x7-6-5x4) 17 

a (11x7-8x4) 17 


126 (13x7-10x4) 


2 22 X 22 X (1-0-78) 

1 210 78 

10 85 6 

20 2-5 X 2-5 1 0-78+2 

2 19-5 3 

2 13 1 

2 12-6 1 

2 14 1 


2 

3-5 

2 

2 

2-5 

2-6 

21 

12-6 

2 

42 

2x2 

•78-^2 

21 

25)c2-5 

•78+2 

21 

0-5 

2 












APPENDIX B. — DETAILED ESTIMATES OP 1861. 


Brought forward 


Sluice wall below spring of arch... 

Ditto in arches 

Arches 

Solid spancbills in front of middle 

wall 

Portions above centre of piers ... 

Ditto behind abutment 

Two spandrill walls behind cen- 
tre wall 

Flooring of roadway of bridge be- 
tween ditto 

Ba<'king up behind abutments ... 

Ditto over piers 

Centre wall of bridge 

Terminal blocks of dilto... ... 

Front parapet of bridge 

Ditto blocks of ditto 

Rear para])et of bridge 

Extra quantity fur taking parapet 

round starlings 

Parapet of curved wing walls ... 

Simll Bridge over Boadwag, 

Abutments, first 

second 

third 

fourth 

fifth 

Ditto backing up behind arch ... 
Arch .. ... 

Spandrill solid 

Rear wing walls 

Ditto 

Starlings in rear 

Para])ct to bridge and wing walls 

ill rear 

Ditto over wing ivalls 

Ditto over starlings 

Ditto dwarf pillars 

Steps in rear of Bridge^ inchuling 
foundations if rear wing wall — 

3 lowest steps 

3 next 

4 next 

4 next ... 

Top walls 

Parapet 

Carried over 


7 18 10 6-5 

7 18* up 8-5 

9 10x314 35-5 2 

9 llx22x(l-0-78) 17-6 

9 1 I 17-5 11 

2 6 17-5 11 


14 11x22 (1-78) 


3x3 0*78x2 


20 (3-14-f.2-l)x3*5 2x4 
2 314+3 I 18x2 4 


1 (4x18*75) (1-0-71J X 10 

2 10 2 18 

2 20 2 11 

2 3 x 3 0*78+2 16 

1 18 1-5 4 

2 16x3*17+2x1*5 4 

2 28x2*5 I 3*78+2 4 

2 2 2 4 


3 6 

3 4 

4 4*5 

(4x4*5) (2x2) 

2 11 I 

1-5 3 








NO. 3 , HEAD WOEKS. — A. WESTERN. 
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Brought forward ... I 


Steps in rear of Main Bridge, 

Lower steps and covering over walls 
Six steps above the lowest 

Two next 

Two next 

Three next 

Three next 

Pour next 

Three next 

Top steps and walls 

Parapets below steps 

Dwarf pillars at end 

Steps along river hank. 

Pour gradients forming complete 
circle — 

Lower 7 steps 

Next 2 

Next 2 

Next 3 

Next 3 .«• ... 

Next 4 

Next 4 ... 



Next 2 

Next 2 

Next 3 

Next 3 

Next 4 

Next 4 ... 

Centro Walla 

Short piece above bridge— 

Lower 7 steps 

Next 2 

Next 2 ... 

Next 3 ... 

Next 3 

Next 4 ... 

Next 4 

Inner wall 

Dwarf Pillar ••• 

Long piece below bridge, taken 
over all to cpver expense of re- 
taining walls and pavement at 
roadway — 

Lower 7 steps 

Next 2 

Next 2 

Next 3 

Next 3 

Next 4 ••• ••• 

Next 4 ••• 

Inner wall 

Parapet 

Extra thickness for pilas 


40 1 

(3x11—2x2) 

17 X V 1'5 1 3 

2 

2 3 

3-14 X 24 

5 7 

3-14x36 

2 '5*5 

3-14x32 

2 4*5 

3-14x27 

3 4 

3-14x21 

3 4 

814x14 

4 4*5 

3-14x6 

(4x4)— (2x2-5) 

2 

2 11 

30 

5 7 

36 

2 6*5 

36 

2 4*5 

36 

3 4 

36 

3 4 

36 1 

4 4*5 

36 

(4x4— 2x2*5) 

36 

' 2 11 

2 

2 4 

840 

6 7 

840 

2 6*6 

340 

2 4*6 

840 

3 4 

340 

8 4 

840 

4 4*6 

340 

(4x4—2x26 


Grand Total Masonry 


388,643 
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Masonry. 

No. 

L. 

B. 

D. 

Products. 

JEarih-worhn 






Excavation at head in excess of 






which is provided for in Channel 






Estimate. 






First 

1 

142 

138 

17 

333,132 

Second 

1 

140 

1 H H 

17 

164,220 

Embankments along Soane bank... 

1 

6,000 

33-5 

10 





mean 


Excavation for Boadway 

1 

240 


6 


Total Earth Work... 

•• 

... 

... 

• •• 

2,208,352 

Dry Stone Protective Works, 


• 




Along river bank ... 

1 

6,000 

5 

30 




mean 




Flooring inside bridge ... 

1 

160 

94 

5 


Inside lower part of roadway 






slopes 

2 

100 

3 



Total Dry Stone Work ... 

... 

... 

... 

Hjjll 


Concrete, 






Flooiing under Bridge 

1 

202 


3 

24,240 

Do. in part of Bridge 

1 

210 

22 

8 

13,860 

Do. near curved steps 

2 

22x22 

(l--078i) 

3 

306 

Do. in rear of Bridge 

1 

210 

78 

3 

49,140 






87,546 

Deduct Space occupied by Blocks — 






First 

8 

15 

7 

3 


Second 

12 

9-5 

7 

3 

2,394 

Third 

2 

11 

7 

3 

462 

Fourth 

77 

13 

7 

‘3 

21,021 

/ 





26,397 

Total Concrete Work... 

... 

... 

... 

... 

61,149 

Sluice Qates. 





■ 

Side gates, large 

2 

26 

19 

0-75 


Sluice gatoy. small 

28 

8 

23 

017 

HI 

Total 

eee 

• •• 



836 

[Rate to cover cost of apparatus.] 
























VO. QBiu> irijGsia^^ 


MttKmry. 


MetalUn^, 


Whole length of work 
Boadway to river 


^ CWf-^oae iDorit. 

0!eOoves for ^e ^tea ' 

Heads of sluice piers with grooyes 
Coping of sll parapets^ Say V 


String course of ditto 
String course of bridge piers and 
ahntment ... ... 

Outer face of arches 

Total cut-stone work • •• 

(The steps are merely of 
coursed, not cut-stone). 



ABSTB^CT. 


2,208,862 Earth-work at Rs. 6 per 1,000 ' ... I*' 

866,193 Masonry at Bs. 15 per 100 ^ '' ew« 

20,868 ^ Arching at Ks. 26 per ditto ... ... ... 6, 21V 

148 Curbs for hlociks at Bs. 26 each ^ ... ... ••• 

148 Sinking blqd^ at Rs. 100 each ... ... ... i4^800| 

881,120 Dry stoiM work at Rs. 4 per 1,00 ... ... 88,244 

61,149 Concrete work at Rs- 12 per 100 ... ^ ^ ... ... 7|887 

5,459 Cut-stone^Tork (extra charge) Rs. 30 per 100 ... ... 1,688 

* 14,335 Metalling at Rs. 6 per 100 ... — ... 909 

836 Cubic feet sluice gates, appmtus indued, at Rs. 5 per eulne&Dt 4,180 
Gonting^cies at 6 pcjr cent. ... ••• •••. 9,969 

Total post of Head Works, Western Soane Caiial, Co.^s ... 1,46,346 

N. B.r-'Of^ this sum the! foUqrring is for protective wor^ ploii^^ ^ue 
bsstklbr one mile, vis. .. ' ' Rs. , 

l,^5,0dD ‘<Si^ feet embankment at R^^ ... ' ... ••• 19,050 

750,000' Ditto dry stone wprkat Rs.4 «.... ... ... 80,000 

Contingendes... ... ' ... , **• 


InallRs. 












APPENDIX B.----]>ETAIIifil> .E9nHATli:S OF 186L 


JVb. 8, Be(i)i W‘orks.-^B. Eastern Soane Canal. 


Main Srwaa^ 

floortiiig under l>ridg0> inctoding 
. blit not abotipenti^ nor 

starlinga of piere 

JMltdin front of bridge^ indtiding 


pijtto ditto po^ons next tocnrre 
of steps ••• ••• af* 

Ditto in rear of bridge^ induing 


Piers and diutments between 
.starlings np to spring of arch..; 
Starlings np to dittb 
Abutments badung of centre wall 
river side ••• r«* 

Ditto in rear of ditto 
Ditto 

Ditto •«« 

AbutmentSf straight wings or 
buttresses 


purred wings 



9 8*14*^9h18xD5 

1 219 I 9 

2 8^9x078-f2 

66 



















ibrought forward ... 
Extra qnanlity for taking paqapet 
round Btarlinga 

SmaU Brid^ aver Moadtea^. 

Abutment, dnt .. 

second ... 

third 

iburth vm eee 

fifth .... 

Ditto backing up behind ardi 
Arch 'ha. ... , 

Spandrill solid 
Bear wing walls 
Ditto ditto 
Starlings in rear 

Parapets to bridge and wing walls, 
in rear. — Over bridge 

Over wing walla 
Over starlings 
Dwarf pillars 

Steps in rear of bridge including 
^ondation of rear iring wall — 
Three lowest steps 
Three next ... ••• 

Four n^t ... 

Four next 

Top walls ••• tk. 

Parapet . .ft. 

Steps i» rear 0/ Mah JBridpe. 

Lower steps' and ooveriug over 
Wells ... ... 

Six steps above the lowest ’ 

Two next 

Two next ... 

Three next ••• ••• 

Three next «<* 

Three next 

Three nett . *09 

Top steps' and Walls ... 

Parapets below steps 

Dwarf pillara at ends ••• ^ 

^ Total Sfosonry •nw I 

JkirfA-isorAr. 

EkeSvation at head in excesa of 
wbat is prorided fbv in Channri 
Estimate^ 

First .a. 

Second ... 

Excavation fiir Boadway V09 

Total Earth-work ... 



(8*],d^fi^l)xSE 


ID 

10 

19 
10 

10 

20^6 

(4x13*75! 

10 

20 I 



0 x 8 x 0 76*^2 

18 I 1*5 

2 16x3*144-2 1-5 
2 2*5 X 2*5 X *784-2 

2 2 12 



(1-0?7S>H10 
2 10 

2 11 


. 8 6 

2 4 

4 * 4k 

(4x4*5)-(2*6x1W 
2 I 11 ' 
1-5 8 



. 8 
8*6 

,- 8 , . , . 

(8x11^2x1 


2 1 X7x8X4+8x1*5 I 


















APPBNi^ik'B.--MTAIlJ^ ESmiATES OF 1861. 



No. 

L. 

B. 

D. 

Total. 

Cut 8tonB-mrh, 

Grooves for side gates 

4 

4 

S4f6 

1 

1 

98 

Heads of sluice piers with grooves 

16 

12 . 

2 

2 

720 

Coping of all parapets, see length 
of parapets in Masonry 

■1 

724 

2 

0*5 

724 

String course of ditto 


724 


0*6 

862 

- ■ ■— of piere and abut- 
ments... 

8 

80 

■1 

CB 

S20 

Outer &ce of arches... 

14 

19 3*14 

2 

2 

a 1 

1,671 

Total Cut Stone-work ... 


i 

... 

••• 

8,895 

MetaUing, 

■ 





Along hank including bridge, say 


400 j 

80 

. 0-6 


Roadway to river ... 


400 

16 

0*6 


Total Metalling ... 

im 

iB 

... 

... 

8,200 

Sluicf Qatet, 






Side gates, large ... ••• 

2 

24*6 

19 

0-76 

698 

Sluice gates in arches 

20 

6-6 

2*6 

0’17 

65 

Total cubic feet Sluice Gates 

... 

... 

... 


763 


ABSTRACT. 


193.040 

146.096 

16.410 

8,986 

0,200 

763 


Cubic feet of Excavation at Rb. 6 per 1.000 ... •• 

ditto Masonry at Rs. 16 per 100 
ditto ditto in Arch at Rs. 26 per 100 ... 
ditto Out Stone-work (extra charge) at Rs. 80 per 100... 
ditto Metalling ^tto at Rs. 6 per 100 
ditto ^ Sluice gates with apparatus at Rs. 6 per cubic foot 
Contingencies at 6 per cent. ... , 


Rs. 

1.158 

22.049 

4,102 

1,196 

652 

8.765 

1.641 


Total cost of Eastern Soane Canal Head WozkB, Rs. 


84,462 





















VO. 4if LOCK OBANimi. HBADS. 

ji. Imh CUtannel ffead. 


ixijt* 


• 

No. 

L. 

B. 

D. 

Total. 

Masonrsf* 






Foundation blocks 

6 

2 

(7x7)— (4x4) 
(8 x7)-(6x45 

14 

14 


Flooring all under body of works. 
Ditto in covering in blocks below 

4 

187 

(11x7)— (8x4) 
(13x7)— (10x4) 

14 

14 

8,680 

1,83,618 

1 

210 

Ida 

2 

80,640 

tail of piers 

Ditto behind abutments beyond 

2 

25 

7 

2 

700 

line of counter-forts. 






Tail bridge 

2 

11+7 

7 

2 

604 

Head bridge 

2 

20 

5 

2 


IDitto ••• ... 

2 

13 

7 

2 

364 

Ditto under side steps 

16 

13 

7 

2 

2.912 

Lock chamber walls ... 

4 

163 


26 


fieml-circular ends ••• ••• 

4 

10* 

0*7854 

26 

4,084 

7,488 

Centre projections ... 

2 

mea 

16 

2 

in 

9 

26 

Deduct — Hollows fbrlock gates ... 

m 




8,96,030 

8 

12 

1 

26 

2,486 

Hollow in centre vralls... 

2 

168—30 

3 

4 

8,192 

Also backing behind arch 

2 

19 

(2 +6)0-6 X 6 

912 

and parts of arch ••• ^ 

2 

2 

19 

19 

10 

i 

8 

2 

1,140 

266 

Above footing outer wall 

2 

123 

2 

9 

4,428 


... 




12,434 

Counter-forts 

10 

6 

4 

26 

3,83,696 

Buttresses at flanks ... ... 

4 

12 

(8x4)0*5x26 

7,488 

Front wing walls (straight) Ist ... 

2 

9 

8 

26 

8,744 

2nd ... 

2 

7 

6 

26 

2,184 

8rd ••• 

2 

11 

4 

12 

1,066 

Bear wing walls curved,, 1st ••• 

2 

68X81416 

6 


4^387 

18 

UQ 

2nd... 

A 

61x8*1416 

A. 

17 

1,816 


12 


8rd ... 


49x81416 

12 

2 

10 

513 

bdow pillar 


8 

8 

10 

860 

Sluice wall, 1st ... 


104 

8 

11 

9,162 

2nd 


104 

10 

6 

6,240 

8rd ... ... 


5 

12 

8 

1,920 

dAih ... .f. 


2 

12 

8 

2,880 

Idlers of head bridge, 1st 


23-12 

5 

8 

1,760 

2nd ... 


28-10 

5 

6 

l,66u 

Starlings ... 

8 

6* X *7854-1-2 

26 


Heads of riuice piers 

15 

2* X *7854-4-2 

15 

253 

Ditto space fbr grooves 

15 

41 

i 

15 

506 

Carried over ... 

• • 




4^87,689 

















AFi'Bimn: b.^betaiIiBd esthcaHes op 1861 



Brought fosward 


Artidng head bridge 
Sp^ndrills bead bridge 

Ml bridge Fiera 
I Starlings 


Arching (centre arobes) 

Backing behind arches 
Spandxill walls 

Arching side arriies 
SpandriUs to ditto 

in rear of bridge- 

let 3 Steps ... 
Neat 8 « 


3 « ... 

Bemainder 
Wall under top •«. 
Ditto ditto •«. 

Steps on Soane bank, 4 quadrants 
tnaking a rircle— 

Lowest steps 
Next " 

8 

8 ••• 

3 **• 

i 

3 

Bemaindp 

Stm onSoane bank, straight pens 


20X8-1416 


(ilO X 15 X 11)— 6 X 22* X 0^864 x 15) 
2 

4 19 6 14 

,-5U^ „ » 

I »”•»«« u > 

4 « I 7 11 

4 (110x11— 6x22* x-?aB4)x 18 

6 xo I * 2 


(6+4)x0-6 8 
(6-|-4)x0 6 8 
(6 + 4)x0‘5 8 
(6+4ix0-6 8 
(7+lik06 3 


24+181 0 6X6 
28+20 06X6 

19+17 0-6X6 

16+14 0-6X6 

18+11 0-6X6 

10i+8i 0-6X8 
71+61 0-6X8 

81 41 




Omiedovw 


6,01,092 









No. LOCK ottsmnBL hkat)s»-~A. ynsamts, 



Brought forward ... 

Parapet^ onryed wings 

Heads of lock walla,.. 

Bitto piera •aa »»• 

Crossing loek channel 
Crossinff arches 
Sides of lock chamber 
Sides of hason^ front 

of bridge 

Rear of bridge round 
curve 

Front steps 

Dwarf piUar ... 

Total ifasonxy aaa 

! Jkf Stone-work. 


Concrete Work. 

Lock chambers ••• 
Between bridges 
At tail ••• *** 

Ditto ta. aa. «ai 
Between piers, tail bridge 
Ditto ditto ... 

Ditto ditto ... 

Ditto head bridge 

Ditto ditto 

Ditto ditto 

Front of head bridge 

Ditto 


Deduct— 'Projection of wells in 

centre aaa .aa 

And •a« tak ••• 


Total ««• 

Cs^ Stone^work, 

Soat for lock gate pivots ata 

Heads of sluice piers .a. 

Coping of all parapets (see lengths 
of parapets in masoiu^) 

String oourse of ditto 

Carried over a.a 



2 


13-5 

2 

7 % 

7-6 































4£raK»n a,-^TmiXit!sy tmoMm tx 1861. 



fitriiig coone of bridge pien and 

abntineste 

Outer fSMses of arches 


®ay 

And 

Total Ezca^tlon 

lat Bridge 

9nd “ ,,, , , 

Sides of lock uhambers ... 


OaUi, 

Iiook gates, 4 pairs, or ... 
Slmoe gates 


sso 

100 

23 

200 

60 

18 


m 

1 

1 

2 

104 

180 

150 

16 

16 

82 

05 

05 

05 

... 

• •• 

see 

■■ 

8 

076 

10 

26 

HI 

0-17 

* 26 

8 




Ihum sluices 


ABSTBAOT. 

7,55,000 Excavation, at Bs. 6 per 1,000 

199 Curb frames for blocks, at Bs. 26 each 
4,95,992 Cubic feet masonry, at Bs. 16 per 100 
199 Blocks, sinking, at Bs 100 each 

12,830 Of arch work, at Bs 25 

64,788 Concrete work, at E8« 12 ... 

2A300 l)ry8tone.ijork,atBs.4 

7,481 Cut 8tone«work (extra charge), at Bs. 80 

7,072 Hetalling, at Bs. 6 

1,628 Oubio feet gates, with apparatus, at Bs. 

^ 10 Brum sluices, at Bs. 100 each 
Contingencies at 6 per cent. 


perfect 


Total cost of- Western Lock Channel Head, Oo.'s Bs 

























NO. 4, LOCK CHANNEL HEADS. — B. EASTBEN. 

B. Eastern Lock Channel Head. 


Ixxiii 


■ 

No. 

L. 

B. 

D, 

Total. 

Flooring all under body of works 
Ditto behind abutments, beyond 

B 


146 

2 

61,320 

line of counterforts 



7 

2 

604 

Lock chamber walls 

4 

153 


24*5 

1,49,940 

Semi-circular ends 

4 

10»x*7854 

9. 

24*5 

3,848 

Centro projections 

2 

16 

9 

24*5 







2,22,668 

Deduct — IIollowB for lock gates 

8 

12 

1 

24*5 

2,352 

Ditto in centre walls ... 

2 


3 

4 

3,192 

Above footing outer wall 

2 

123 

2 

9 

4,428 

Backing behind arch ... 

2 

19 

2 + 6 

2 

6 

912 

Do ... 

2 

19 

10 

3 


Part of arch ... 

2 

19 

i 

2 

2661 












BUTiBPHI 

Counterforts 

10 

G 

4 

24*5 

5,880 

Buttresses at flanks 

4 

12 

8 + 4 

~2^ 

24*5 

7,066 

Front wing widls, Ist 

2 

9 

8 

24*5 

3,728 

2nd# 

2 

7 

6 

24*5 

2,058 

3rd ... ... 

2 

11 

4 

12 

1,056 

Rear wing walls curved, 1st 

2 

53x3-1416 

G 

245 

4^079 

12 


2nd 

3rd 

Below pillar 

2 

51x3-1416 

4 

17 

in 1 

1,816 

513 

360 

2 

12 

49x3*1416 

2 

4 

12 

3 

3 


Sluice wall, 1st 

1 

52 

6A 

11 

8,718 

2nd 

1 

62 


6 

8,120 

3rd 

2 

6 

12 

8 

960 

4th 

9 

2 

12 

8 

1,728 

Piers of head bridge, 1st 

2 

23—12 

6 

8 

880 

2nd 

2 

23—10 

6 

6 

780 

Starlings 

4 

6* X -7864 
2 

f as 

24-5 

952 

Heads sluice piers 

9 

2* X -7854 
2 

v 

13 

188 

Ditto spaces for grooves... 

9 


i 

13 

263 

Arching head bridge 


^2^ 

15 

2 

2,827 

Spandrills, head bridge 

(64x16x11)— (8x22* xl 

5)=2,007 

Tail bridge, piers 

2 

19 

6 

12 


t* 

Starlings 

4 

6* X -7854 
2 

... 

24-5 

■ 


Carried over ... 


2,57,674 

















Ixxiv 


APPENDIX B. — ^DETAILED ESTIMATES OP 1861 


Brought forward ... 
Arching 

Backing behind arches 
Spandrill walla 

Arching of aide arches 

Spandrills of ditto 

Steps in rear of Bridge^ Ist & 2nd 
Next 3 
" 8 
« 3 
3 

« 3 
" 3 

Bemainder ... 
Wall under top 
Do. 

Parapets of curved wings 

Heads of Lock walls • •• 

Ditto Piers ••• 

Crossing lock channel 

Crossing arches 

Sides of lock chamber 

Sides of bason, front of bridge ... 
Bear of bridge, round curve 

Front 

Dwarf pillars 

Total Masonry... 
Excavation, 


I Cut Stonework, 

Seat for lock gates 

Heads of sluice pier 

Coping of all parapets, see length 
of parapets in masonry 

String course of ditto 

String course of bri^e piers and 

abutments 

Outer faces of arches 



2,85,964 


250 

75 

21-5 

200 

25 

16-5 





RJ2 




8 

24-5 

2 

2 

9 

13 

2 

2 

m 

1,160 

2 

0-6 

1,160 


0*5 

6 

40 

M 

0*5 

16 

31-5 

2" 

2 


Total Cut Stone- work ... 




















NO. i, LOCK CHANNEL HEADS.'-'B. EASTEBN. 
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Ixxvi 


APPENDIX B.— 'DETAILED ESTIHATE9 OP 1861 



^xcavoMon 


Masonry. 

Foundation blocks, 1st I 

2nd 

3rd 

4th 

Flooring — ^Body of the work under 

all, over blocks 

Over outer blocks, up 
and down stream ... 
Over wing blocks 

Steps and supporting walls — ^Whole 
blocks, triangular over floor level 
Add half back walls ... 

Total ... 

Deduct triangular prism 
between side walls 
Also reduced thickness of 

wing wall, say 

(Leaving segment of arch to cover 
cost St turning.) 

Total Deductions •,» 


Abutment walls of aqueduct 

Piers of aqueduct ... . 

Starlings to do 

Abutment walls of road bridge ... 
Do. behind spandrills 

Piers of road bridge 

Starlings to do 

Caps to do. 

Wing walls above steps 

Do. curved portion above steps 

Do. upper parts 

Aqueduct floor 

Walls, straight part ... 
Splays ... 

Steps beyond ... 

Total ... 

Deduct hollow under 
arch taken triangular 


182 107 


24 4,67,376 



5*5 I 1,336 


2,09,801 



























NO. 6, TOOTLA SYPHONS. 


Ixxvii 


brought forward ... 

Arching 

SpandrUls (solid) 

Parapets — Over curves of wing 
walls 

" Straight part 
" Bridges 

Curves beyond bridge 
Total Masonry 


Concrete under all 

Extra cost stone learns supporting 
aqueduct^ and in flooring under 
bridge 

iron WorJe,^ . 

Longitudinal pieces 

Vertical do. ... 

Nuts 

Total ... 

Metalling over roadways 

JCrg Stone^worh 


Extra cost of Cut Stone-worJc, 

Coping of parapets 

String course — Outside bridge pa- 
rapets... 

Tops of piers and 
abutments 
Wing walls 




175 

16 

0*5 

120 

25 

3x0*5 

100 

12 

3x0*5 



* The greatest pressure on the top of the openings will amount to 17 feet o 
water on the lower surface of the covering of the openings^ that is on }rd of the 
flooring of the aqueduct, equal to, say 12 feet on the whole floor. Of this six feet is 
more than met by the weight of the 3 feet of masonry, and, if the canal be empty atj 
the time of the flood passing, the rest must be met by iron ties, holding down the 
stone beams to the piers. This balance of pressure is equal in each running foot 
of opening to 6 x 9 x 62*5 =3,3761bs., and if one tie be placed on each side at 
every two running feet, each wiU have to support this pressure, which at 5 tons 
to the square inch will require a section of 0*3 of a square inch nearly. The } o 
inch (=*0625 foot) bolt gives 0*44 of a square inch section. 
































Ixxviii APPENDIX B. — ^DETAIIiBD ESTIMATES OF 1861. 


ABSTRACT. 


467,376 Cubic feet of excavation, at Rs. 6 
216,044 ditto of masonry, at Rs. 15 

70 Sinking blocks, at Rs. 60 ... 

70 Curbs S)r do., at Rs. 25. 

36,084 Concrete, at Rs. 12 

34,224 Extra cost of stone beams, at Rs. 10 per 100 
60'20 Cubic feet or 258*66 cwt. iron work, at Rs. 20 
10,800 Ditto dry stone-work, at Rs. 6 per 100 

2,800 Ditto metalling, at Bis. 6 

1,277*5 Cut stone- work (extra cost), at Rs.<30 ... 
Contingencies, at 5 per cent. ... ... 


2,804 
32,406 
# 3,500 
1,760 
4,330 
3,422 
5,173 
648 
168 
383 
2,729 


Total cost, Rs. 57,313 


Or for five Syphon Drains ... 


2,86,565 


If the soil should prove favourable, the expense maybe reduced by the following 
items : — 


Masonry in blocks 

Less extra thickness of fioor ... 


Sinking blocks 

Curbs to do. 

Concrete 

Share of contingencies 


... Cubic feet 42,984 
14,904 

Rs. 

Cubic feet 28,080 at Rs. 15 4,212 

••• ... ... ... ... 3,500 


... 14,481 


Making the cost for each Syphon of 10 spans 6x5, 


...Rs. 42,838 


Or for the five 


2,14,190 


Second Plm, 

To cross the Tootla by Inlet and Escape would require the excavation of 
channels to carry off the waters from the canal towards the Soane. Three of the 
escapes should be in the 8th mile of the canal line. The Tootla near Tilothoo is a 
Urge Nala, and becomes so about 1^ miles from this part of the canal line. The 
level of the bed of the former is 334*10 feet above the datum, and of the latter 339*76. 
Giving the escapes a dron of 2 feet on leaving the canal, the channel would have a fall 
of about 2^ feet in the mile, which would answer very well for an escape only occa- 
sionally carrying a Urge body of water. The excavation would be rather heavy. 
Even allowing for the partial adoption of existing Nalas, it cannot be reckoned at a 
less average depth than 8 feet. 

The fourth escape would be at the 9th mile, where it would be necessary 
to excavate a channel of about 5 miles. The fifth would be near the 10th mile, 
when the dndnage would fall into the escape channel above the first bifurcation of 
the canal, at the end of about k n 

It would be necessary therefore to provide three channels of i a mile each to 
carry 1,500 cubic feet a second, uniting into one .of one nule long of 4,500 cubic 
feet per second ; at the 9th mile one of 1,500 cubic feet, a second for 6 miles. 




NO. 5 , TOOTLA* SYPHONS. 


Ixxix 


and at the 10th mile one of half a mile. These dischai^es would require width at 
bottom of 60 and 110 feet respectively, with depths of 6^ and 8. On the whole 
there will he 7 miles of the smaller size and one of the larger, thus the excavation 
would he : — 

7 y 6,280 y 8 y ( 50 + 8 + 4) =18,332,160 
1 y 6,280 y8y (110 + 8 + 4)= 6,163,280 

Total... 23,485,440 cubic feet, at 2J Rs. per 1,000 ... 68,713 

Contingencies at 6 per cent 2,936 

61,640 

Land for these channels 1 mile at 660 feet width = 128 beegahs. 

7 miles 330 ditto ... 448 “ 

Total ... ... 676 beegahs. 

which at 6 Rs. a beogah will come to Rs. ... 3,456 

5 Inlets of 3 spans with drop to canal bed, at Rs. 8,662* each 42,760 

6 Escapes, 6 " each at Rs. 16,785f 83,925 

1 Bridge of 4 " of 33 feet near TilothooJ 23,000 

1 Do. of 2 “ near Hurna CheeteeJ 16,600 1,65,185 


Total cost, Rs. ... 2,30,290 


This is if block-sinking is necessary in the foundations : if not, the amount 
will be 

Excavation and land as before 65,105 

6 Inlets* 21,456 

5 Escapesf 41,525 

1 Bridge, 4 spans of 33 feet...]; 17,000 

1 Do. 2 « « ...J 11,700 

Total cost, Rs. ... 1,66,786 


Thifd Flan, 

If the Escape Channels were used with the Syphon Drains, a better head of 
water, and consequently a more rapid discharge, would be obtained by the lowering 
of the surface of the drainage water west of the Canal. It would thus be possible 
to reduce the water-way, giving only 7 instead of 10 openings to each drain. This 
change would admit of a reduction of masonry to the extent of 48,300 cubic feet 
in the case of under-sunk foundations being required, and 46,036 cubic feet other- 
wise. Besides this there would be a reduction of masonry in lowering the tail steps 
to the level of the bed of the excavated channel, making the reduction in all say 
54,000 cubic feet in the one case, and 61,000 in the other. We might also dispense 
with the iron-work, which would no longer be required under the reduced pressure 

* See detailed Estimate No. 8. 

t See detailed Estimate No. 7. 

]; See detailed Estimate No. 13. 



APPENDIX B. — DETAILED ESTIMATES OF 1861. 


which would be the consequence of this arrangement; and also with the stone 
beams in the floor placed there for securing the iron-work. 

Thus tho total reduction would be 


With under- 


sunk 

With ordinary 

Foundations. 

Foundations. 

Rs. 

Rs. 

8,200 

7,650 

6,173 

6,173 

1,711 

1,711 

754 

726 

15,838 

15,260 

41,476 

27,578 

2,07,375 

1,37,890 

65,105 

65,105 

38,500 

28,700 

3,10,980 

2,31,695 



















NO. 6, DAM ON THE KAO. 

No. 6, Bam on the Kao. 
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• 

No. 

H 

a 

D. 

Total. 

Masoitry. 

WKm 


■■B 



Foundation Blocks 

10 

(16-75 y 7— 12-76x4) 

17 

BSSBSil 

Ditto 

44 

(13 y 7— 10x4) 

17 

38,148 

Ditto 

7 

(12x7—9x4) 

17 

6,712 

Ditto 

8 

ao-6x7— 

7-6x4) 

17 

6,916 

Ditto 

2 

(9 X 7 — 6 X 4) 

17 

1,326 

Ditto Trapezoidal ... 

2 

(10 y 18 — 6 X 11) 

2 2 

17 

1,938 

Ditto 

2 

(9x11—64x5) 

9. 9 

17 

47C 

Flooring; taken under piers, upper 




2 

m 

bridge 

HI 

76 

21 

Main quadrangle 

■I 

110 

89 

2 

19,680 

Lower bridge and below do. 

■1 

88 

iB 

2 


Segmental portion 

s 

44x7 

2 

410 

Total 

H 

• •• 

... 

... 

99,886 

Deduct 4 quadrants in large quad- 





1,608 

rangle 

4 

82x32 

[ilrCl.-tT.yw-M 

Ilectangles 

2 

11 

8 

2 

352 

Total deductions... 

• •• 

... 


... 

1,960 

Masonry carried forward,.. 

••• 


... 

... 

97,926 

Wing Walls, upper — 

1st including as far as floor 



29x6 


2,651 

of blocks 

2 

3-14+3 

7 

2nd 

2 

3-14+3 

29-5x6 

4 

1,236 

3rd 

2 

3-14+3 

30x4 

5 

1,256 

4th 

2 

3-14+3 

30-6x3 

7 

1,341 

Ditto Semi-circle — 






Ist ... 

4 

3-14 

29x6 

7 

16,306 

2nd,.. ... ... ... 

4 

3-14 

29-5x5 

4 

7,414 

3rd... ... ... ... 

4 

3-14 

30x4 

6 

7,638 

4th... ... ... 

4 

3-14 

30-6x3 

7 

8,048 

Ditto Curve of 60 feet radius 






Ist ... ... ... 

2 

25 

6 

7 


2nd 

2 

25 

5 

4 


8rd 

2 

25 

4 

6 


4th 

2 

25 

3 

7 


Lower quadrant radius 27 interior, 
37 exterior, length of arc allow- 




0-5x5 


ing for circular ends, say 

2 

54 


ZHCt>a^ ••• ass 

2 

53 

(9+6) 

0-5x2 


' drd 

2 

52 

(8 + 6) 

0-5x2 

1 1.332 

4th ... ... ... ... 

2 

51 

7 + 5 

0-6x2 


6th ... •■. ... ... 

2 

50 

6 + 4 

0-5x2 


6th ... ... ... .9. 

2 

49 

5 + 4 

0-5x2 

882 

7th ... a,l ... 

2 

48 

4+3-6 

0-5x2 

720 

8th ... ... ... ,.. 

2 

47 

3 + 3 

0-6x2 


, Carried over ... 





1,59,398 


L 
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APPENDIX B. — ^DETAILED ESTIMATES OF 18G1. 


“ upper curved wings 
** Lower ditto 

Total Masonry... 


Concrete, 

Under Boors : flooring as en- 
tered above 


Deduct Blocks 

Ditto 

Ditto 

Ditto 

tions of blocks? 
under curtains w 
and wings ... ) 

t 

Total deductions... 
Total Concrete... 
Excavation, 

[n Kao 

In Canal 

Below Canal in quadrangle 

Total Excavation... 

CMee with apparatus complete 
Buperficial feet 



I Brought forward ... 

Walls across Canal bed ... ... ^ 

Abutments — 

1st Portion 

End... ... ... ... 

3rd 

4th (behind arch) ... 

Piers, bodies (including groove seats) 

Do. Starlings to top of parapet 


Arching 

Spandrills (solid) ... 
Parapets over bridge 

“ circular wings 


1,59,398 
2 1,596 

1,795 


8 

3 

13a— 10 * 
2 


(1*0— 0-7854) v 19 xi 
75 I 1*5 I 3 


3-1416 15-5X1-5 

d I 


























NO. 6. DAM ON THE KAO. 


Ixxxiii 


J>ry Stone-work, 

Canal bed -O tan! 
Kao up stream ... > , 
Do. down do. ... j 


banlcs in 
eluded.. 



2-6 12,000 

2*5 4,600 

3*0 10,800 


27,300i 


Metalling, 

First 

Second 


Cut Stone-work, 

Coping of all parapets 

String course under ditto ... 

Ditto second in wing walls 
Ditto round tops of piers and 
abutments ... ... ... 

Faces of arches ... 

Grooves 

Total ... ... 


2 

76 

16 

4 1 

20 

24 



694 

... 

594 

... 

256 

24 

23*5 

24 

16 

24 

21 

■ 

... 



225,700 

189,924 

6,178 

43,906 

75 

75 

2,129 

1,182 

27,300 

2,160 


ABSTRACT. 

Cubic feet of Excavation, at Rs. 6 per 1,000 

Ditto of Masonry, at Hs. 15 per lOO 

Ditto Arching, at Rs. 20 per 100... ... ... 

Ditto Concrete, at Rs. 12 per 100 

Blocks, curb frames, at Rs. 25 each 

Ditto sinking, at Rs. 50 each 

Cubic feet of cut stone-work, at Rs. 30 per 100 ... 

Superficial feet of gates, with apparatus, at Rs. 3 per foot 
Cubic feet dry stone work, at Rs. 6 per 100 ... 

MetalUng road- ways, at Rs. 6 per 100 

Contingencies, at 5 per cent. 

Grand Total, Co.’b Rs. 


If however the soil should prove good, as appears probable, there will be a re- 
duction of the following items : — Rs. 

Throe-fourths of the masonry in blocks or 47,662 cubic feet, at Rs. 15 ... 7,1 

The Concrete 

The sinking of the blocks ... ... 

The Curb ^mes ... 

Share of Contingencies 

InaURg. ... ^ 

Leaving the cost of the Dam in that case, Rs. 

The fhll amount however is estimated for, or Rs. ... 50,321 














Ixxxiv 


APPENDIX B. — ^DETAILED ESTIMATES OF 1861 


No. 7, Escapes. 

A» Wing walls and abutments with two 


uarches. 



Masonry, 

Foundation wells under semi-cir- 
cular wings 


Front semi-circular wing walls ... 


Bear quadrants 


Front straight portion of wall ... 

Rear 

ditto 

ditto 

... 

Ditto 

ditto 

ditto 


Ditto 

ditto 

ditto 

... 

Ditto 

ditto 

ditto 

... 

Ditto 

ditto 

ditto 

... 

Ditto 

ditto 

ditto 


Ditto 

ditto 

ditto 

steps j 

near 

bridge ... 

... 

Abutment blocks ... 

• •• 


Ditto 

walls 

• •• 

••• 

Ditto 

ditto 


... 


Skew backs of arches 

[Two semi-arcbcs ... ... ... j 

Spandrills, solid 

Dwarf pillars 

Parapets 

Flooring over blocks ... | 

Ditto ditto 

Ditto ditto 

Ditto ditto 

Ditto under semi-arches 

Ditto intervals of blocVs in curtain- 

Ditto ditto ditto 

Ditto ditto ditto 

Total Masonry 

^xcavaHon. 

Straight portion... 

Curved wings 

Tail ditto 

Total Excavation ... 


xl3|x3 


2 ®J[^xl3Jx3 

4 I 



12-45 X 31-21-44 
2i 
5 

8*x 
81 

12 
64 


2 

102 

11 

12 

2 

86 

8 

10 

2 

18 

8 

12 




















I>ry 9tone-worh .. 



Metalling ... 


Cut Sione-worJe 

Coping of parapets 
Ditto of pillars ... 
String course of parapets 
Ditto of pillars ... 

Face of arch 

Front ^ooves 

Rear ditto 


ABSTRACT. 

Cubic feet of Excavation, at Rs. 5 per 1,000 

Ditto Masonry, at Rs. 16 per 100 • 

Blocks curb frames, at Rs. 25 each • 

Ditto at Rs. 15 each 

Sinking blocks, 15 feet, at Rs. 50 each 

Square feet sluice shutters, with apparatus complete, say at Rs. 

Dry stone-work, with piling, at Rs. 8 per 100 

Cubic feet cut-stone work, extra charge, at Rs. 30 

Cubic feet of metalling, at Rs. 6 per 100 

Contingencies, at 5 per cent ... ••• ••• ••• ••• • 


Total Rs. ... 

If the soil were such as to render block sinking unnecessary, there would bo 
a saving of nearly i of the masonry in blocks, or say 9,000 cubic feet 

of masonry, at Rs. 16 per 100 

Curb frames ••• ••• ••• ••• ••• ••• ••• 

Sinking blocks ... ••• ••• ... ••• ••• ••• 

Contingencies, at 5 per cent. ••• ... ... ••• 

Total Rs. ... 


Leaving as the cost of two abutments and sem’-arches of the Escape, Rs. ... 3,266 
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APPENDIX B. — ^DETAILED ESTIMATES OP 1861. 



Masonry. 

Foundation blocks 
Ditto 
Ditto 
Ditto 
Ditto 

Flooring over all .. 


Pier under bridge to spring 
Upper semi-circular end 
Straight portion as far as groove 
From that to bridge 

Flat portion below bridge, 
curved ends taken square ... 
First step from top 

Steps above slope in floor 

Ditto below ditto 

Two semi-aa^hes as in Fart A ... 
Skew backs 

Spandrill, solid 

Parapets 

Total Masonry 

Excavation. 

tn excess of what is calculated in 
the escape channel 
^nd below level of floor 

Total Excavation 
/ 

Dry stone-work 

Sluice shutters 

Metalling road-way 

Cut Stone-work. 

As in A, omitting the pillars 



19 

3 

3» 

2 

2 

3 

5^ 

3 

3 

1 

3 

3 

10 

3 

13 

3 

111 

V 

(12-4 X 3-1 ■ 
10 

19 

1-2 

-21*44) 

1 






200 6 7 

102 13 5 




13 3 


13 16 i 



























NO. 1 , ESCAPES. 


Ixxxvii 


ABSTRACT. 





Rs. 

15,030 Cubic feet of Excavatiou, at Bs. 5 per 1,000 


75 

6,998 Ditto Maaonry, at Rs. 15 per 100 


. 1,050 

6 Blocks, sinking, at Rs. 50 each ... 


. 300 

6 Ditto, Curbs, at Bs. 25 each 


150 

80 Cubic feet cut stone- work, at Rs. 30 per 100 


. 24 

1,365 Cubic feet of Dry stone-work, with piles, at Rs. 8 per 100 

109 

104 Ditto Metalling road-way, at Rs. 6 per 100 

,,, 

6 

753 Ditto Sluice shutters, apparatus included, at Rs. 3 per foot, 221 

Contingencies 

... 

97 


Total Rs. 

... 2,034 

If the soil be such as not to require block-sinking, deduct as follows 




Rs. 

3,500 Cubic feet of masonry in blocks, at Rs. 15 per 100 

625 

Curb frames 

f ••• 

... 150 

Sinking blocks ... 


... 300 

Contingencies, at 5 per cent. .. 

... 49 


Total Rs. 

o 

iH^ 

Leaving the cost of the pier and two semi-spans 

Rg. 1,010 

GENERAL ABSTRACT. 

With Block-sinking. 

Add. 

Total. 

Escape of 1 opening as per A 


6,615 

2 openings, adding as per B... 


8,649 

3 ditto 

2,034 

10,683 

4 ditto 

2,034 

12,717 

5 ditto 

2,034 

14,751 

6 ditto 

2,034 

10,785 

8 ^itto 

2,034 

18,819 

Without Block-sinking. 



1 opening 


3,258 

2 ditto 


4,265 

3 ditto 


6,275 

4 ditto 


6,286 

5 ditto 


7,2fl5 

6 ditto 

1,010 

8,305 

8 ditto 


9,316 








Ixzxviii APPENDIX B.— 'DETAILED ESTIMATES OF 1861 


As an average, the cost will be taken as follows in the general estimate for the 
Canids of the Ist, llnd and lllrd Classes. 


Escape of 1 opening 

4,935 

6,000 

2 ditto 

6,457 

6,000 

8 ditto 

7,979 

8,000 

4 ditto 

9,501 

9,500 

5 ditto 

11,023 

11,000 

6 ditto 

12,545 

12,500 

8 ditto 

14,067 

14,000 

For the other classes of Canals the cost of Escapes will bo taken as follows : — 


Classes IV. and V. 
Class VI. 

Class VII. 

Class VIII. 

Class IX. 

Class X. 



Cost of Escapes of 


10 feet 

20 feet 

30 feet 

40 feet 

opening. 

opening. 

opening. 

opening. 

4,000 

5,250 

6,600 

7,760 

3,000 

4,000 

5,000 

6,000 

2.500 
2,000 

1.500 
1,000 

3,250 

2,600 

2,000 

4,000 

















NO. 8 , INLET WITH 10 FEET DEOP. 
fFinff walh^ ahutmenU, and two semi^arches. 


Ixxxix 



Masonry, 

Foundation blocks 
Ditto ... 
Ditto 

Flooring over ditto 
Ditto 
Ditto 

Flooring of inlet ... 
Steps 


Deduct hollow under steps taken 
triangular 


Part wall at back of ditto 
Abutment walls between counter- 
forts 

Ditto ditto ditto 

Ditto ditto ditto .. 

Ditto ditto ditto 

Counterforts 

Ditto ... .a. ... «.( 

Wing walls straight portion 
Ditto ditto 

Ditto curved upper •• 

Ditto lower 

Ditto ditto 

Ditto ditto 

Ditto ditto 

Two semi-arches 

Spandrills, solid 

Parapets ... 

Dwarf pillars 


Total Masonry 


Cut Stone^work, 


Coping to parapets 

String course below chtto 
Ditto in wing walls and abutment 
Faces of arch 



M 
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APPENDIX B,>— DETAILED ESTIMATES OP 1861. 

























NO. 8 , INLET WITH 10 FEET DKOP. 
jff. Pier with two semuarches. 



2 ((10*6 y 7) -(7*5x4) 

3 (12 y7)-(9 x4) 

1 36*5 13 

1 18 13 

1 13 2 



Masovryi 

Foundation blocks 
Ditto ... 
Flooring over all ... 
Steps ... •... 

Wall behind ditto... 


Deduct hollow taken triangular . 

Pier 

Two semi-arches 

Spandrills, solid 

Starlings 

Parapets 

Total Masonry.,. 

Ckt Sione-work, 

looping of parapets 
■.String course below ditto 
I Ditto ditto at head of pier 
Faces of arch 


j Dry Stone-worh. 

Below Inlet 

.Above Ditto 


’Exoavaitoih 


Meta^Lnt ... 


ABSTRACT B. 

10 90 Cubic feet excavation, at Rs, 4 per 1,000 cubic feet .. 

7, 22 “ masonry, at Rs. 16 per 100 cubic feet 

6 Curb iVames, at Rs. 26 each 
5 Sinking blocks, at Rs. 60 each 
104 Cubic feet cut stone-work, at 30 per 100 cubic feet 
716 ** dry stone-work, at Rs. 6 per 100 cubic feet . . 

104 '' metalling, at Rs. 6 per cubic feet 

Ooutingencies, at Rs. 6 per cent. 

Total for one pier with semi-arches ... 


13 

2*0 

13 

1*0 

23*5 

1*0 

14 

1*0 

... 

■i 

13 

13 

13 

8 

50 

13 

13 

16 





716 


16 10,400 


77 

Rs. 1,627 
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AFPEmnX B.— 'DXTAItED BSTIHATES OF 1861. 


The following will be the deductions if block-sinking is not wanted: — Bs. 

}th of masonry in blocks, or say 2,772 cubic feet, at Rs. 16 416 

Curb frames • •• aaa eea saa ••• 125 

Sinking blocks 250 

Contingencies at 5 per cent 40 


Total Bs. ... 83lj 

Leaving the cost of the pier and two semi-spans ... Bs. 796| 


GENERAL ABSTRACT. 



With 

Blocks. 

Without 

Blocks. 

Mean. 

Amount 

used. 

One opening 

Add ... ... ... ... 

5,298 

1,627 

2,699 

796 

- 

3,998 

4,000 

Two openings 

6,925 

3,495 

5,210 

5,200 

Add again 





Three openings 

8,552 

4,291 

6,421 

6,500 


The amounts in the last column are taken in the General Estimate. 

No Inlets of this description are required on the smaller branches of the Canals. 













NO. 9 , INLET ON LEVEL. 

A, Wing walls, abutments, and two semuarches. 



Masowrg, 

Wells under 'mng walls ... 
Foundation blocks 

Ditto 

Flooring oyerifl|>cks 

Ditto ditto 

Ditto ditto 

Ditto interval between blocks 

Wing walls, front 

Ditto rear 

Steps at flanks of bridge 

Abutments 

Backing of arch 

Skewbacks 

Arching ... 

SpandriUs, solid 

Fhrapet 

Terminal blocks of ditto 


I Total Masonry 

I Dry Stone-worh. 

Above Inlet 

Below ditto 


Excavation. 


First 
I Second 


I Cut Stone-iDorh, 

Coping of parapets 
String course below ditto 
Ditto round abutments 
Ditto in front vdng walls 
Ditto in rear ditto 
iFacesof arch 


(8* -5*) 0*7854 

(7+4) 1(7-4) 
{10ix7-7i>f4) 
8> I 0*7854 

7 7 

10*5 7 

8 1 4t 

22ix»:^ 8 

16 X 3-1416 8 

4 8 

19 4 

19 1-8 


11-5 19 

: (13x3-1-22-4) 

4 6 1 1-5 

4 3 2 




2 

22 

11 

2 

80 

8 


2 

15 

2*0 

2 

11*6 

1*0 

2 

19 

1*0 

2 

46 

1*0 

2 

19 

1*0 

2 

12 

1*0 










Total 
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ABSTRACT, 


Rs. 

12,348 

Cubic feet excavation, at Rs. 4, per 1,000 

... • 

.. 49 

15,658 

" masonry, at Rs. 15 per 100 

... . 

. 2,349 

18 

Curbs for wells, at Rs. 15 each 

... . 

270 

6 

Ditto for blocks, at Rs. 25 each 

... • 

.. IBO 

24, 

Sinking blocks and wells, at Rs. 30 

... . 

.. 720 

1,280 

Cubic feet dry-stone work, at Rs. 6 per 100 


77 

162 

** of cut-stone work at Rs. 30 extra charge 

flir M 

. 49 


Contingencies at 5 per cent. 

• . 

.. 182 


Inlet, or a level with one opening, total Rs. 

. 3,846 

If the block-sinking should not be required, the following reductions 

may be 

made 

- 


Rs. 

}ths of this masonry in blocks, or say 5,000 cubic feet, at Rs. 15 

... 

,. 750 

Curbs for blocks and wells 

... •< 

,. 420 

Sinking 

ditto ... ... ... ... ... ... 

■ ss • 

,. 720 

Contingencies at 6 per cent 

• se V 

95 


Total Es. 

. 1,985 


Leaving the cost of the two Abutments and semi-spans Rs. 


... 1,8611 




NO. 9 , INLET ON LEVEL. 
B. Bier and two half Spans. 




2 

13 

2*0 

2 

13 

1*0 

2 

24 

10 

2 

12 

10 


Masonry, 

Foundation Blocks 
Ditto 

Flooring over all ... 
Pier ^ 

Starlings to ditto... 


Two semi-arches ... 

Spandrills 

Parapets 

I Total Masonry 

Cut Stone-worJc, 

Coping of parapets 

String course helow ditto 

Do. round abutments and starlings 

Faces of arch 


Dry Stone-Work, 

Above Inlet ,,, ... 

Below ditto 


Excavation 


ABSTRACT. 

3,500 Cubic feet excavation, at Rs. 4 per 1,000 cubic feet 

2,897 Ditto masonry, at Rs. 15 per 100 cubic feet 

3 Curbs for blocks, at Rs. 25 each 

3 Blocks, sinking, at Rs. 30 each 

99 Cubic feet of cut-stone work, at Rs. 30 per 100 cubic feet 

975 Ditto dry stone-work, at Rs. 6 per 100 cubic feet 

Contingencies at 6 per cent. 

Total Rs.... 

If block-sinking be not required, the following may be deducted 
|ths of the masonry in blocks, or say 1,200 cubic feet at Rs. 15 
Block-sinking 

Curbs for blocks ... ... ... 

Contingencies at 5 per cent. 

Total Rs.... 



10 

15 

13 

13 

50 

10 


Leaving the cost of the pier and two semi spans 
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APPENDIX B,— DETAILED ESTIlfATES OP 1861 


GENERAL ABSTR ACT FOR CANALS OF THE 1st, IIho ahd IIIbd 

CLASSES. 

























NO. 10 , MASONBY PALLS. 

A. Fall of 60 feet water-way. 


xevii 



No. 

L. 

B. . 

D. 

Total. 

• 

Masonry, 


• 




Foundation blocks 

8 

(14^7)- 

[11x4) 

11 

4,762 

Ditto 

5 

(126 v7)- 

(9-5x4) 

11 

2,722 

Ditto wells 

22 

C8+6)x{8- 

6)0-7864 

11 

7,413 

Upper wing walls 

2 

18*5 X 3*1416 x3x 0*5 

12 

2,092 

Bevetment under FaU 

1 

60 1 

4-1-7 

2 

18 

6,040 

Semi-circular side revetments ... 

2 

31-26 X3-1416 It® 

O 

18 

16,904 

Steps on both sides of Fall 

2 

22 

3 

1 +7x0-6 

528 

Walls joining semi-circular sides to 


1 




bridge 

2 

9 

-6+4 + 4 
4 

18 

6,608 

Steps over ditto 

2 

12 

3 

6 x0*5 

216 

Raised wall next bridge 

2 

14 

3 

6 

604 

Flooring rectangle in centre 

1 

60 

64-66 

2 

6,869 

Ditto 2 semi-circles or (circle)... 

1 

(27-33 X 2)»0*7854 

2 

4,693 

Ditto 11 feet in front of bridge... 

1 

0-5(60+49) 11 

2 

1,199 

Ditto over blocks of steps below 






bridge 


68 

7 

2 

9,744 

Back wall supporting steps 


58 

6-5 

2 

638 

Ditto ditto 


58 

4-5 

6 

1,566 

Steps and arch below, equal to rec- 






tangular i)rism 


58 

7 

8 

8,248 

Abutment walls up to level of top 






of steps 


14 

4 

7x0-5 

392 

Piers ditto 


14 

3 

7x0-5 

441 

Abutments up to spring 


22 

4 

6-5 

1,144 

Piers ditto ... 


22 

3 

6-5 

1,287 

Backing over abutments 


19 

2 

7 

532 

Arching 


6-76 X 3-1416 19 

1-5 

1,969 

SpandrUls .. 


(13x7-39-27) ... 

19 

3,931 

Parapets, upper curves 

2 

12 

1-5 

3 

108 

Ditto over bridge 

2 

49 

1*5 

3 

441 

Ditto lower curves 

2 

115-75 X 3-1,416 1-5 

3 

445 

Dwarf pillars ... 

4 

2 

2 

3 

48 

Lower wing wall 

2 

16-25 X 3-14160-6 x 2-E 

; 16-5 

810 

Ditto 

2 

16x3-14160-6x2 

6-5 

653 

Steps beyond bridge, foundation 






equal to ... ... 

2 

28 

5-8 

8 

2,464 

1 Ditto superstructure ditto 

2 

28 

9-6+2 

2 

7x0-6 

1,127 

Total Masonry 

B 

■m 


n 

89,008 

Cut Stons’-work, 




B 

■i 

Sill of Fall 

1 

60 

3 



Sides of ditto 

2 

3 

9-5 

4 


Coping of parapets 

... 

180 

2-0 

0-5 

mm 

Carried over 

... 






1 396 
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Dry Stone^worJc. 

Above Fall 

Below ditto 
Sides below steps ... 



Total dry stone-work 


See items of flooring 1 ... 

2 ... 
3 ... 


Excavation. 

Over all omitting for channel 
So feet ... ... ... ... 

Bason rectangle 

Semicircles 

Total excavation 


Metalling (whole length of work) 


Planks for closing bridge 


ABSTRACT. 


1^95,535 Cubic feet excavation, at Rs. 6 per 1000 cubic feet ... 

89,008 Ditto muonry, at Rs. 16 per 100 cubic feet ... 

1,959 Ditto UTCh, at Rs. 20 per 100 cubic feet 

12,451 Ditto concrete, at Rs. 12 per 100 cubic feet 

85 Blocks and wells, slicing, at Rs. 40 each ... 

85 Ditto, curbs, at Rs. 20 each ... 

884 Cubic feet of cut stone-work, at Rs. 30 per 100 cubic feet 
6,865 Cubic feet of dry stone-work with piling, at Rs. 8 per lOO 
80 Cubic feet planks, at Rs. 3 per foot 
1,440 Ditto metalling, at Rs. 6 per 100 cubic feet 
Unwatering 

Contingencies at 5 per cent. ... ... .„ 

Total per one Fall 60 feet water-way ... Rs. 







































NO. 10 , HASONAT PALLS. 


XCIX 




AP7EMD1X D . — ^DETAILED ESTIMATES OF 1861. 



Masowy, 

Foundation blocks 

Ditto 

Ditto wells 

Upper wing walls 

Revetment under Fall 

Ditto semi-circular at sides 

Steps over ditto on both sides of 

FaU 

Raised wall next to bridge 

Flooring rectangle 

Ditto 2 semi-circle (or circle) 

Ditto 7 feet in iront of bri^e ... 
Ditto over blocks of steps 
Back wall supporting steps 

Ditto 

I Ditto 

Steps and arches below, equal to 
Abutment walls up to level of top 

step 

Piers ditto ditto 

Abutment up to ditto 

Ditto to top 

Piers up to top 

Arches taken solid from spring ... | 

Lower wing walls 

Ditto j 

Parapets, upper curves ... 

* “ over bridge 

" lower curves ... ... 

" Dwarf jpillars 

Steps below bridge, foundation, 

equal to 

Ditto superstructure j 

Totfd Masonry 

I C^t Stme-worle, 

Sill of Pall 

Sides of ditto 

Coping of parapets 

String course below ditto 

Ditto round peirs ; 

Faces .4»f "Marches 

Total Cut-stone ... 


03x7)- 

<9x4) 

10 

(10-5 X 7— 

7-6x4) 

10 

1(8 -I- 6) >c (8— 5)0*7864 

10 

13-75 xS-Uiex 2-6 X 

0*5 8 

30 

2-»-6 

13 


2 


20*6x3*1,416 

I 2 

13 

9 

2(1 

+ 4) X 0*5 

12 

2 

4 

41 

30 

2 

41 x41 

0-7854 

2 

32 

7 

2 

38 

7 

2 

38 

6 

2 

38 

4 

3 

38 

3 

3 

38 

6 

8 

14 

4 

7x0*5 

14 

2 

7x0*5 

21 

4 

4 

21 

4 

3 

21 

2 

8 

19 

6 

3*5 

11-76 x8-Ux 0-5x2 

*5x 12*6 

11-50x3-14x0-5x2 

•Ox 4*6 

8 

1*5 

3 

34 

1*6 

3 

10*5 X 3*1,416 1*5 

3x0*5 


(2 + 5)x0*5 


30 

3 

116 

116 

22 

7 

2*5 

1*6 

2*0 

1*0 

1*0 

1*0 

1 

3 

0*5 

0*6 

0*5 

1*6 























KO. 10 , MASONET FALLS. 


« 



Dry Stone-worh, 

Above Fall... ' 

Below bridge ... 

At sides below.steps 

Total Dry Stone- work 

Concrete, 

See items in flooring 1 

" « 2 ... 

« “ 3 

Total Concrete 

Excavation, 

Over all, including berm and omit- 
ting 30 feet of channel 
Bason rectangle ... 

Semi-circular 

Total Excavation 

Metalling (whole length of work) 

Planks for closing bridges 



ABSTRACT. 


Bs. 


73,279 Cubic feet excavation, at Rs. 6 per 1,000 cubic feet ... ... 440 

33,938 Ditto Masonry, at Rs. 15 per 100 cubic feet ... ... 5,091 

5,548 Ditto Concrete, at Rs. 12 per 100 cubic feet ... ... 666 

25 Blocks, sinking, at Rs. 40 each ... ... ... 1,000 

25 Blocks, curbs, at Rs. 20 each... .. ... ... 500 

448 Cubic feet cut stone-work, at 30 per 100 cubic feet ... 134 

2,781 Ditto dry Btone*-work work, with piling, at Rs. 8 per 100 222 

36 Ditto planks, at Rs. 3 per cubic foot ... ... iQS 

880 Ditto metalling, at Rs. 6 per 100 cubic feet ... ... 53 

Unwatering .. ... ... ... ... goo 

Contingencies at 6 per cent. ... ... ... ... 456 

Total for one Fall 30 feet water-way Rs. 9,570 

If the soil should be found favourable, so that block-sinking and any charge 
for unwatering should prove unnecessary, the cost may be reduced by the follow- 
ing items : — 

Rs. 

Half of the masonry in blocks, or say 4,500 cubic feet ... ... 675 

Curbs of blocks ... ... ... ... ... 500 

Sinking of blocks ... ... ... ... ... 1^000 

Unwatering «.. . ... ... ... 900 

Contingencies at 5 per cent. ... ... ... ... I5d 

Total Rs. 3,229 

^ Leaving the cost of the 30 feet Fall ... Rs. 6,341 




























APPENDIX B. — ^DETAIEED ESTIUATB8 OF 1861. 










NO. 11| LOCKS AND MILLS 


Clil 


A, Single Lock mih waste weir 
from the mi 


and navigable channel separate 
in canal. 




Maaowry, 

Foundation blocks 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
' Ditto 


Flooring on lower level — 

1 over all from front blocks of 
lock to middle of bridge ... 

2 ditto as far as rear of bridge.. 
2nd ditto in lower portion of 

waste channel to rear of 

bridge 

Across front blocks of tail 
Next 

Over tail line of blocks 
Steps for fall in waste channel ... 
Ditto ditto ditto 
Ditto ditto ditto 
Flooring of ditto 

Wall of recess 

Ditto ditto ... 

Front curtain wall of ditto 
Ditto ditto ditto 

Ditto ditto ditto 

Side wall at Mills 
Ditto to curve of the upper wing... 

Small arch over channel 

Centre wall, upper end 

Ditto ditto 

Ditto ditto 

Ditto ditto 

Ditto ditto 

Ditto ditto ... ••• 

Curtain wall of lock chamber ... 

Ditto ditto 

Ditto ditto 

Flooring above lock 

Block uiider lock-gate right across 
Straight wing above ditto 

Carried over ... 












APPENDIX B.— DETAILED ESTIMATES OP 1861. 


Brought forward ... 





62,813 

Straight wing above lock gate right 






across 

1 

3 

6 

4 

60 

Ditto ditto 

1 

8 

4 

8 

256 

Ditto ditto 

1 

12 

4 

8 

884 

Curved wings, ^ (including semi- 






circle as 2) 

4 

3-14 X 13*5 

4 

16 

1,085 

Distributing channel head, curtain 






wall, upper ... 

1 

12 

2 

8 

192 

Ditto floor above bridge 

1 

8 

10+6 

2 

1*5 

96 

Ditto abutments of bridge 

2 

19 

3 

14 

1,596 

Ditto tail curve ... 

2 

3*14 X 13-5 

3 

14 

3,561 

Tail curtain wall 

1 

8 

2 

6 

96 

Flooring 

1 

4 

7 

1*5 

42 

Centre flooring 

1 

19 

6 

1*6 

171 

Bridge taken solid from spring ... 

1 

19 

6 

4 

456 

Parapets 

2 

12 

1*5 

3 

108 

Centre wall of lock chamber from 






drop to recess for lower lock ... 

1 

105 

9 

16 

16,120 

Side ditto ditto ditto 

1 

105 

8 

10 

8,400 

Ditto ditto ditto 

1 

105 

5 

6 

8,150 

Buttresses 

9 

4 

1+2 

2 

4 

216 

Side waste channel wall below Mills 

1 

53 

5 

16 

4,240 

Centro walls at recess of luck ... 

1 

12 

8 

16 

1,536 

Ditto side wall of locks 

1 

12 

8 

16 

1,536 

The same under bridge, 1st 

1 

19 

9 

21 

3,591 

Ditto ditto 2nd 

2 

19 

5 

21 

1,990 

Ditto ditto ^tto 

1 

5 

3 

21 

315 

Steps in front of bridge, total 






length ... 

1 

15 

10 

5x0*5 

875 

Parapets to ditto 

2 

10 

1*6 

3 

90 

Bridges taken solid 2 feet above 






spring 

1 

16+10 


4 

1,976 

Parapets 

2 

38 

• 

1*6 

3 

342 

Tail steps .. 

1 

26 

9 

V 

2,925 

Parapets of ditto ... 

2 

25 

1*6 

3 

225 

Tail wings (mean height) 

2 

3*14 X 0.5 

27*5 X 5 

23 

9,930 






1,26,873 

Deduct hollows under upper lock.. 

1 

16 

3 

4 

192 

Ditto in centre walls / 

7 

10 

3 

5 

1,050 

Ditto ditto 

7 

10 

2 

3 

420 






1,662 

Total cubic feet of Masonry ... 

... 




1,25,211 

Concrete, 






Lock chamber b§jdy 

1 

97 

16 

2 


Waste channel 

1 

56 

9 

2 


Carried over ... 





4,112 













yo. llj LOCKS AND MILLS. 



Brought forward .. 

Lock chamber under bridge 
Ditto below tail iiooring ... 

Waste chamber ditto 

Sluice chamber 

' Ditto in waste channel 

Total Concrete .. 


Dfy Sione-worX:, 

At bead, say equal to 

At Tail 

Total Dry Stone- work 


JFbod-ivorh 

Lock gates, upper 

Ditto lower 

Screen lieams 

Planks for stopping waste channel 

Total Wood -work 


Excavation, j 

Lock channel upper width — 15, + 1*6 

depth 

Ditto Lower ... I 

This will cover the excavation 
for the lock chamber. 

Total Excavation 


Cut Stone-woric. 

Coping of parapets 

String courses to ditto 

Faces of arches 

Seats for lock-gate pivots upper 
Ditto ditto lower 
Ditto for sills of both lock-gates... 

Grooves in waste channel 

Ditto for mill sluices 


Total Cut-stone 
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APPENDIX B. — DETAILED ESTIMATES OP 1861. 


ABSTRACT. 

2772,000 Cubic feet excavation, at Rs. 2-8 per 1000 cuuic feet ... 
Contingencies, at 6 per cent. 

t 

Total Navigable Channel 

1,25,211 Cubic foot masonry, at Rs. 16 per 100 cubic feet 
63 Curbs for blocks, at Rs. 26 each 
63 Sinking blocks, at Rs. 60 each ... 

6,242 Cubic feet concrete, at Rs. 12 per 100 cubic feet 
6,600 Ditto dry stone-work with cribs and piles, at R8.'10 per 100 
770 Ditto wood-work, say at Rs. 5 per foot 
601 Ditto Cut stone-work, at Rs. 30 p'*r 100 feet extra charge. 

6 Drum sluices, at Rs. 100 each 
Contingencies at 5 per cent. 


Rs. 

6,930 

346 

7,276 

18,781 

1,325 

2,660 

749 

660 

3,850 

181 

600 

1,435 


Total cost of lock . . . Rg. 30,131 

T tal lock d»»d channel 37,407 


If the soil prove favourable the following rediic^^ions may be made 

Two-thirds of the masonary blocks, or say 20,000 cubic tbet, at Rs. 16 per 

100 feet 

Curbs for blocks ... ... ... 

Sinking blocks ... 

Half the concrete, leaving the rest as equivalent to increased thickness of 

flooring 

Contingencies, at Rs. 6 per cent. ... 


Rs. 

3,000 ! 
1,325 
2,650 

376 

367 


Total reduction 


7,717 


I Leaving the cost of the single lock 
Add channel as before 


22,413 

7,276 


/ 


Total for lock and channel 


29,689 



ESTIMATE NO. 11, LOCKS AND MILLS. 


evil 


B, Bouhle Lochs with double Waste Channels on Main Canal^ 4 ^ 
feet depth of water. 


% 

No. 

L. 

B. 

D. 

Total. 

Masowry. 






Foundation blocks 

6 

(9x6)- 

(6x3) 

13 

2,808 

Ditto 

3 

(9 X 6-6)- 

(6 x 3-6) 

13 

1,462 

Ditto 

45 

(9x7)-(6x4) 

(9-5x7)-(6-5x4> 

13 

22,815 

Ditto 

3 

13 

1,579 

Ditto 

7 

(10x7)- 

(7x4) 

13 

3,822 

Ditto 

8 

(11x7)- 

■(8x4) 

13 

4,680 

Ditto 

2 

(12-6x7)- 

(9*5x4) 

13 

1,287 

Ditto 

12 

(13x7)- 

(10 X 4) 

13 

7,96G 

Ditto 

9 

(13-6x7)- 

(10-6x4) 

13 

6,142 

Flooring on lower level — 

Ist over all from front blocks of 
lock to middle of bridge, width 






3x9 + 2xlG 

1 

132 

59 

2 

15.576 

2nd ditto as far as rear of bridge 

1 

8i 

59 

2 

1,003 

3rd lower portion of waste ‘^than- 




nels to rear of bridge 

1 

50 

30 

2 

3,000 

4tli across front blocks of tail 

1 

92 

12*5 

2 

2,300 

“ next blocks of tail 

1 

no 

7-5 

2 

1,660 

** last line of blocks at tail ... 

1 

130 

7 

2 

1,820 

Steps for fall in waste channel ... 

2 


4 

3 

240 

Ditto ditto ditto 

2 

10 

4 

6 

480 

1 Ditto ditto ditto 

2 


2 

2 

80 

1 i^'looring of waste channel, upper 





level ... 

2 

100 

10 

2 

4,000 

Walls of recesses ... 

2 

13 

3 

6 

468 

Ditto 

4 

6 

3 

6 

432 

Front curtain wall of waste chan- 






nel 

2 

13 

5 

2 

260 

Ditto ditto ditto 

2 

13 

4 

2 

208 

Ditto ditto ditto 

2 

13 

3 

2 

156 

Side wall at Mills 

2 

65 

5 

14 

7,700 

Ditto to head of small bridges ... 

2 

31 

4 

14 

3,472 

Small arches over channels 

2 

10 

6 

4*5 

540 

Foundation of centre walls, upper 

3 


9 

2 

1.080 

Ditto ditto ditto 

3 


9 1 

2 

1,053 

Ditto ditto ditto 

3 

19 

9 1 

4 

2,052 

Centre wall upper end, superstruc- 





ture 

2 

8 

8 

6 

768 

Ditto ditto ditto 

1 

8 

7 

6 

336 

Ditto ditto ditto 

3 

6*5 

9 

6 

1,053 

Ditto ditto ditto 

3 

9x9 


6 

1,137 

Curtain walls to 2 lock chambers 

2 

16 

6 

2 

320 

Ditto ditto ditto 

2 

16 

4 

2 

256 

Ditto ditto ditto 

2 1 

16 

3 

2 

. 192 

Flooring above lock 

2 

19 

16*5 

2 

1,264 

Blocks under lock gates right 





across both locks and 3 walls ... 

2 

59 

7 

8 

6,608 

Carried over ... 

— i - - 

... 




1,12,016 









Cviii APPENDIX B.—DETAITED ESTIMATES OP 1861 . 



No. 

L. 

B. 

D. 

Total. 

Brought forward ... 

••• 



•• . . 

1,12,045 

Curved wings, including as two 






semi-circles of distribution 






channel heads 

6 

3*14 X 13-8 

2-6 

12 

7,630 

Distribution channel heads, centre 






walls upper 

2 

12 

2 

8 

884 

Ditto floor above bridge ... ••• 

2 

8 

10-I-6 

2 

1-5 

192 

Ditto abutments of bridges 

4 

19 

3 

12 

2,736 

Ditto tail curves 

4 

3*14 X 13-5 

2-5 

12 

6,087 

Ditto tail curtain walls ... 

2 

8 

2 

6 

192 

Ditto centre flooring 

2 

19 

6 

4 

912 

Ditto tail ditto 

2 

4 

7 

1-6 

84 

Ditto bridges taken solid from 






spring ... ... .a. ... 

2 

19 

6 

4 

912 

Ditto parapets 

4 

12 

1-5 

3 

216 

Centre walls of locks from drop 






to recess for tail locks 

3 

105 

0 

14 

39,690 

Wall of waste channel below mills 

2 

53 

5 

14 

7,420 

Centre walls at recess of locks ... 

2 

12 

8 

14 

2,688 

Ditto ditto ditto ... 

1 

12 

7 

14 

1,176 

Centre walls imder bridge 

3 

19 

9 

19 

9,747 

Side ditto 

2 

19 

5 

19 

3,610 

Steps in front of bridges (total 






length) ... ... 

1 

33 

10 

5x0*5 

825 

Para;^s to ditto 

6 

10 

1-5 

3 

270 

Bridges taken solid 2 feet above 






spring of large arches 

••• 

52 

19 

4 

3,952 

Parapets 

2 

68 

1-6 

3 

612 

Tail steps 

3 

26 

9 

V 

8,073 

Parapets of ditto 

6 

25 

1-5 

3 

676 

Tail wings (mean height) 

2 

3*14 X 0-5 

27-5 X 5 

21 

9,067 

• 





2,18,195 

Dedmct hollows under blocks 

2 

16 

2 

4 

384 

Ditto in centre walls in two 

14 

10 

3 

6 

2,100 

and 

14 

10 

2 

3 

840 

Add in one ... ... ... 

10 

10 

3 

5 

1,600 

and 

1 10 

10 

2 

3 

600 

/ 





6,424 

Total Masonry 






2,12,771 

Concrete Work. 






Lock chambers 

2 

97 

16 

2 

6,208 

Waste channel 

2 

56 

9 

o 

2,016 

Lock chamber under bridge 

2 

19 

15*5 

2 

1,178 

Ditto below tail flooring 

2 

19 

16 

2 

1,216 

Carried over 

... 




10,618 















ESTIMATE NO. 11, LOCKS AND MILLS. 



Waste channel tails 
Sluice chambers of lock ... 
Ditto waste channel 

Total concrete 


Cut Stom-worh. 

Coping of parapets 
String course to ditto 
Faces of arches main bridge 
Seats for lock-gate pivots, upper. 
Ditto lower gates ... 

Ditto sills both gates . 
Grooves in waste channels 
Ditto for mill sluices 


Dry Stone-worh, 

At head, say equal to ... 
At tail a.. ... 

Total Dry Stone-work 


Wood-work, 

Lock gates, upper... 

Ditto lower... 
Screen beams 
Planks 


Total Wood-work... 


JExcavation, 
For lock say 
Widening above lock 

Ditto below ditto 


Total Excavation 
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APPENDIX B.-— DETAILED ESTIMATES OP 1861 


6,07,000 

ABSTRACT. 

Cubic feet of excavation at Rs. 6 per 1,000 cubic feet ... 


Rs. 

3,042 

2,12,771 

Ditto masonry, at Rs. 15 per 100 cubic feet 

... 

31,915 

95 

Block, sinking, at Rs. 50 each ... ... ... 


4,750 

95 

Ditto, Curbs, at Rs. 25 each 


2,375 

8,400 

Ditto Dry stone- work, at Rs. 8 per 100 cubic feet . . . 

... 

672 

12,408 

Ditto Concrete, at Rs. 12 per 100 cubic feet 


1,489 

1,147 

Cubic feet cut stone- work, at Rs. 30 per 100 cubic feet... 

tt. 

344 

649 

Ditto Wood- work, at Rs. 5 per foot 


3,245 

10 

Drum sluices, at 100 each 

••• 

1,000 


Contingencies, at 5 per cent 

... 

2,448 


. Total 

...Rs. 

61,420 

If the soil should be favourable for foundations, the following reductions may 

be made : — 

Two-thirds of the masonry in blocks, or say 34,000 cubic feet, at Rs. 15 per 

Rs. 

100 feet 

««« ••• ••• tst 

... 

6,100 

Curb frames for blocks ... 


2,375 

Sinking blocks 

... 

4,750 

Half the cost of the concrete 

... 

745 

Contingencies at 3 per cent. ... ... 

... 

648 


Total reduction.., 

lal 

13,618 

Leaving the cost of the double lock with two waste channels ... 

...Rs. 

37,802 




ESTIMATE NO. 11 , LOCKS AND MILLS. 


C, Double Locks with 


single Waste Channel on Main Canal, %\feet 
depth of water. 



Foundation blocks 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

]3itto ••• «>• 

Ditto ... 

Flooring lower level — 

Ist. Over all from front 
blocks of locks to 
middle of bridges 
2nd. Ditto as far as rear 


3rd. Ditto m lower part 
of waste channel 
Across front blocks of tail 

Next 

Over tail line of blocks 
Steps for fall in waste channel ... 
Ditto ditto 

Ditto ditto 

Flooring of waste channel above .. 

Walls of recess 

Front centre wall of waste 

channel 

Ditto ditto 

Ditto ditto 

Small arch over channel 

Centre walls, foundation, upper 
end •• a*. ... 

Ditto ditto 

Ditto ditto 

Ditto superstructure 
Ditto ditto 

Ditto ditto 

Curtain walls of lock chambers ... 
Ditto ditto 

Ditto ditto 

Flooring above locks, mean width 
Blocks under lock gate right 
across, omitting waste channd... 
Straight wing walls above ditto... 


(9x7)- 
(9*5x7- 
(10x7)- 
12 ai>c7)- 

4 (12*6x7)- 

2 (13x7)- 

6 (13*6x7)- 
2 (11x8)- 

12 (13x8)- 


-(6x3) 
-(6x3-6) 
-(5x4) 
-(6x4) 
-(6*5 X 4) 
-(7x4) 
-(8x4) 
-(9-6x4) 
-(10x4) 
-(10-5x4) 
-(8x6) 
-(10x6) 





Carried over ... 











APPENDIX B. — DETAILED ESTIMATES OF 1861. 


Brought forward ... 

Straight wing walls above ditto... 
Ditto ditto 

Ditto ditto 

Carved wing walls^ including, as 
2, the* semi-circular wings of 

channel 

Distributing channel head, curtain 
wall, upper 

Ditto floor above bridge ... 

Ditto abutments of bridge 

Ditto tail curves 

Tail curtain wall 

Flooring 

Centre ditto 

Bridges taken solid 

Parapets 

Centre walls of lock chamber ... 

Side ditto 

Side walls of lock chambers 

Buttresses 

Centre walls at recess of lock ... 
Side wall ditto ... ... «,. 

Centre walls under bridge 

Side ditto ... 

Portion of ditto ... ... 

Steps in front of bridge 

Parapets to ditto 

Bridges taken solid 

Parapets 

Tail steps ... 

Parapets of ditto 

Tail wings 

Deduct ... ... .li 

Hollow imder locks 

Ditto in centre walls 

Ditto ditto 


Total Masonry 
Concrete, 

Lock chamber, to bridge... 

Waste channel 

Lock chamber under bridges 

Carried over , 



1,77,640 


2 

97 

16 

2 

1 

56 

9 

2 

2 

19 

16*6 

2 

















ESTIMATE NO. 11 , LOCKS AND MILLS, 


CXXtl 


Brought forward 

Lock chamber below tall floor 
Ditto tail of waste channel 
Sluice chamber ... 

Ditto in waste channel ... 


Total Concrete 


Dry Stone-work. 


At head say 
At tail 


Total Stone-work 


Wood-work. 

Lock gates^ upper,.. ... 

Ditto lower 

Screen beams 

Planks for waste channel... 


Excavation. 

Lock excavation ... 
Widening channel above 
Ditto below 


Total Excavation 


Cut Stone-work. 

I Coping of parapets 

String course of ditto 

Ditto of arches ... 

Seats for lock gate pivots, upper 
Ditto ditto, lower 
Ditto sills ... 
Grooves in waste channel 
Ditto for mill sluices ... 

Total Cut Stone-work 



150 

75 

300 


600 





240 

2 

••• 

140 

1 


33 

1*5 

' 4 

3-5 

2 

4 1 

11-5 

2 

8 

12 

2 

2 

3*5 

2 

12 

3*5 

1 
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APPENDIX B. — DETAILEd'^ESTIMATES OF 1861. 


ABSTEACT. Rs. 

423,750 Cubic feet of excavation, at Rs. 6 per 1,000 cubic feet 2,542 

177,640 Ditto masonry, at Rs. 16 per 100 cubic feet ... ... 26,646 

89 Blocks, sinking, at Rs. 50 eacb 4,450 

89 Ditto, curbs, at Rs. 25 each 2,225 

7,800 Cubic feet dry stone-work, at Rs. 8 per 100 cubic feet 624 

887 Ditto cut-stone work, extra charge, at Rs. 30 per 100 cubic feet 266 

10,755 Ditto concrete, at Rs. 12 per 100 cubic feet 1,291 

630 Ditto wood- work, at Rs. 5 per cubic foot 3,150 

10 Drum sluices, at Rs. 100 each 1,000 

Contingencies at 5 per cent 2,109 

Total Rs. ... 44,303 

If the soil be such as not to render block-sinking necessary, the following re- 
ductions may be made : — 

Rs. 

Two-thirds of the masonry in blocks, or say 27,500 cubic feet 4,125 

Curbs for blocks 1,780 

Sinking ditto 3,560 

Half the concrete 645 

Contingencies 505 

Total reduction 10,615 

Leaving the cost of each double lock with single waste channel, Rs. 33,6881 

I 

I 



ESTIMATE NO. 11 , LOCKS AND MILLS. 

D. Mills. 


CXV 



No. 

L. 

B. 

D. 

Total. 

Mcbsonry. 

Waste channel walls 

2 

60 ] 


6-6 

1,560 

Ditto floor 

1 


6 

1*5 

640 

Ditto arches 

1 


6 

2 


Drain channel walls 

2 

25 

2 

6 

coo 

Ditto floor 

1 

25 

4 

1-5 

150 

Ditto arches 

1 

25 

4 

2 


Mill chamber walls, foundation ... 

2 

24*5 

2'5 

2-5 


Ditto ditto 

4 


2*5 

2*5 

613 

Ditto plinth 

2 

24 

2 

4-5 

432 

Ditto ditto 

4 

21 

2 

4-5 

766 

Ditto superstructure 

4 

23 

1*5 

7*5 


Ditto ditto 

4 

21 

1-5 

7-5 

945 

Flooring below min wheels 

6 

5 

3-5 

1*5 

157 

Ditto of mill chamber ... 

2 

21 

20 

10 

840 

Partition walls ... ,,, 

8 


1 

3*5 

98 

Steps, back wall .. 

1 


2-5 

60 1 

112 

Ditto and arch, equal to... 

1 


7-5 

2-5 

131 

Flooring below steps 

1 

■Hi 

5*0 

1*6 

62 

Total 





9,147 

Deduct doors 

“2 

6‘5 

“4 

”i*6 

78 

Total Masonry ••• 

... 

... 

•• 

... 

9,069 

Roofing, including wood-work, su- 





■M 

perficial feet 

2 

21 

20 

... 

i^B 

Doors 

2 

6-5 

4 

... 

52 

Sets of Mill Machinery 

6 






ABSTRACT. 

I 9,069 Cubic feet of masonry, at Rs. 15 per 100 
840 Superficial feet roofing, at Rs. 40 per 100 
52 Ditto doors, at R. 1 per foot 
6 Sets of mill machinery, at Rs. 50 each ... 
Contingencies at 6 per cent 


Rs. 

1,360 

336 

52 

300 

102 


Total 2 Mills, with 6 stones in all 


Rs. 2,150 
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APPENDIX B. — DETAILED ESTIMATES OP 1861 


Estimate No. 11, locks and mills. 

E, Small locks 60x10 for the minor channels. 


Masonry, • 

Straight portion (7*5 + 60 + 19) 
of walls of lock chamber, deep 

part 

Ditto shollow part 

Deep portion waste channel wall... 
Shallow portion 

Dpper wings 

Lower ditto 

Head of centre wall 

Tail steps of ditto 

Flooring lock chamber ... 

Ditto of waste chamber 

Ditto of tail wings 

Curtain walls above lock and waste 

chamber 

Ditto for drops in ditto 

Ditto below tail ... 

Walls of sluice recess below lock 
Ditto ditto ditto 
Ditto ditto in waste channel 
Ditto ditto ditto 
Main bridge, both channels, taken 
solid from spring 
Mill bridge 

Upper lock ditto ... ... ... 

Parapets of main bridge... 

Dwarf pillars at ends 


Deduct hollows for upper gates ... 
Ditto lower ditto ... 

Total deducted 

Total Masonry 



Dry Stone-toorh, 


At head 
At tail 


Total Dry Stone-work 


30 

60 

10 

15 

f.5 



• 



















ESTIMATE NO. 11 , LOCKS AND MILLS, 


CXVil 



B. D. Total. 


Cut Ston&-w<yrk. 

Seat for pivots, upper gates 
Ditto lower ditto 

Ditto Sill, upper and lower gates 
Coping of parapets 

String course of ditto 

Faces of arches, 10 feet span 
Ditto 6 ditto 
Grooves for waste channel ... 
Ditto mill sluices 

Total Cut Stone- work 

Excavation 

Wood-work. 

Upper gates 

Lower ditto 

Screen beams 

Flanks for waste channel 

Total Wood- work 



ABSTRACT. Rs. 

31,515 Cubic feet of masonry, at Rs. 15 per 100 cubic feet 4,727 

40,500 Ditto excavation, at Rs. 5 per 1,000 cubic feet ... ... 202 

2,850 Ditto dry stone-work, at Rs. 8 per 100 cubic feet ... 228 

373 Ditto cut stone-work, at Rs. 30 per 100 cubic feet ... 112 

121 Ditto wood-work, at Rs. 5 per cubic foot 605 

5 Small drum sluices, at Rs. 30 each 150 

Contingencies at 5 per cent. 301 


Total ... Rs. 6,325 














APPENDIX B. — ^DETAILED ESTIMATES OF 1861. 


No. 12^ Babrier Bridges. 

A. For Wings with semuarches. 



Masonry. 

Curved quadrantal wings, founda- 
tion ■■■ 

Ditto superstructure 

Curved projection inside of lock 
channel head, foundation 
Ditto superstructure 
Sides of lock channel head and 
abutment of bridge, foundation.. 
Ditto superstructure 
Floor of lock channel head 
Curtain wall of#ock channel ... 
Ditto of half-span of bridge 

Floor of ditto 

Half arches taken solid from spring 

Parapets of ditto 

Corner pillars 

Total Masonry ... 

Cut Stone-work, 

Coping pillars 

Ditto parapets 

Arch, faces 

Total Cut-stone 



2 

4-6 X 3-14 X 

6 

31 

6 

31 

2 

31 

4 

17 

4 

2*5 

2 

13 

2 

16 

4 

3 

4 

2 

■ 

: 

4 

2-5 

4 

3 

2 

■H9I 


ABSTRACT. 

18,327 Cubic feet of masonry, at Rs. 15 per 100 cubic feet 
64 Ditto cut-stone, at Rs. 30 per 100 cubic feet extra 
Contingencies at 5 per cent 


Rs. 
... 2,7 

16 

138 


.. Rs. 2,903 



















NO. 12^ BAREIEK BRIDGES. 

B. Bier with two aemUarches. 


CXIX 


Pier foundation 

Ditto superstructure, taken square 
Curtain wall of one span 

Flooring ditto 

All above spring of arch, taken 

solid 

Parapets 

Total Masonry 

Cut Stone-work. 

Parapets, coping 

String course 

Piers, caps 

Arch, faces 

Total Cut Stone- work 



ABSTRACT. 

1,113 Cubic feet of masonry, at Rs. 15 per 100 cubic feet 

57 Ditto extra cut-stone, at Rs. 30 per 100 cubic feet 
Contingencies at 5 per cent 


GENERAL ABSTRACT. 


Rs. 193 



Amount taken 
in General 
Estimate. 


Rs. Rs. 


Lock heads with wing walls and one span of bridge. Abstract A 2,903 29,00 

Add for 1 span, as per Abstract B 193 


Add for 1 span, as per Abstract B. 


Add for 1 span, as per Abstract B. 


Add for 1 span, as per Abstract B. 


Total 2 spans 


Total 3 spans 


Total 4 spans 


3,096 3,100 

193 

8,289 33,00 

193 

3,462 3,500 

193 


Total 6 spans 3,675 3,700 
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APPENDIX B, — DETAILED ESTIMATES OF 1861. 


No. 13, Bridges. 

A. Besigm Nos, I, and III. 
a. Abutments with two semi-arclies. 


■ 

No. 

L. 

B. 

D. 

Total. 

Masonry, 






Foundation blocks 

8 

(8x7- 

5 X 4) 

12 

3,456 

Ditto 

12 

(12x7- 

9x4) 

12 

6,912 

Ditto ... 

Flooring over all as far as back of 

4 

(13x7- 

10x4) 

12 

2,448 

abutments 

2 

26*5 

33 

2 

3,498 

Ditto over blocks supporting steps 
Abutments up to level of tow- 

8 

12 

7 

2 

1,344 

path ... ... 

2 

19 

16 

10 

6,080 

Ditto next por1j||pn above 

2 

19 

10 

4 

1,520 

Ditto back of spring of arch 

2 

19 

8 + 6 

2 

4 

1,064. 

Ditto back of spandrill 

2 

19 

4 

4 

608 

Wing walls, first 

4 

3*1410^28-5 3 

6 

18 

3,222 

Ditto second 

4 

A 

2 

14 

1,642 

Ditto square ends ... 

4 

3 

3 

14 

604 

Oves steps of abutment 

4 

2 

3 

10 

240 

Ditto 

4 

2 

3 

6 

141. 

Ditto 

4 

8 

3 

2 

192 

Qut-waters of abutments 

4 

|v7 , 

6 

15 

1,680 

Caps over ditto 

4 

^x6 

4 

2 

64 

Starlings .. ... ... ... 

4 

0-7854 

6x6x0*5 9 

509 

Two semi-arches ... 

1 

37-5 

1 19 

3 

2,137 

Two semi-spandrills 

1 

(36-6x9 

-152) 

19 

3,363 

Parapets over scmi-arches 

4 

16-6 

1*5 

3*5 

346 

Ditto starlings 

4 

3-1416 

2 

6 

1*5 X 3*5 

198 

Ditto wing walls 

4 

3-1416 

8 

27-76 

1-6 X 3-5 

605 

Ditto dwarf pillars 

4 

3 

3 

3*5 

126 

Steps adjoining towing path 

4 

10 

17+6 

2 

10 

4,600 

And 

4 

16 

17+6+2 

3 

10 

6,333 

51,835 

Deduct — Hollow under tow path 
Step ill bac'k of abut- 
ment, included in span- 

2 

19 

3-5 

6 

798 

drill and wing walls 

2 

19 

4 

2 

804 

1,102 

Total Masonry 






60,723 
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No. 

L. 

B. 

D. 

Total. 

Barth^^orJc, 






Approaches, average section 


450xi 

20+70 

2 

15 

303,750 

Raising side ramps 

4 

220 xi 

20+70 

2 

11 

217,800 

These will more than cover ex- 






tra width of channel. 

Metalling. 


♦ 


Total ... 

s 

Over semi-arches and abutments... 

2 

16i + 6 

16 

0*5 


Between wing walls 

2 

22 

38 + 16 
2 

0*5 

■ 

Total Metalling 

m 

bbi 

HH 

wm 

954 

Cat Stone-worle. 






Coping of parapets (total length) 


232 


0*6 

232 

String course below ditto 


232 

1*0 

0*6 

116 

Do. round heads of abutments 

2 

66 

1*0 

0*5 

56 

Do. in wing walls to correspond... 

4 

30 

1*0 

0*5 

60 

Facing of semi-arches 

2 

37-5 

2*0 

3-0 

450 

Total ... 






914 


ABSTRACT. 


Rs. 

5,21,550 Cubic feet of earth-work, at Rs. 3 per 1,000 cubic fqpt... 

• •• 

1,565 

48,586 Ditto masonry, at Rs. 15 per 100 cubic feet 


7,287 

2,137 Ditto ditto in arch, at Rs. 25 per 100 cubic feet 

• •• 

634 

24 Blocks, sinking, at Rs. 50 each 

• e • 

1,200 

24 Curbs for blocks, at Rs. 25 each ... 

• •• 

600 

914 Cubic feet cut stone-work (extra charge) at Rs. 30 per 100 

1 • t 

274 

954 Ditto metalling, at Rs. 6 per 100 cubic feet 


67 

Contingencies at 5 per cent 


575 

Total cost of one span of 33 feet 

Rs. 

12,092 

If under-sunk foundations be not necessary, the following reductions 
made : — 

may be 

Half the masonry in blocks^ or say 6,400 cubic feet, at Rs. 15 per 100.. .Rs. 960 

Sinking blocks 


1,200 

Curb frames 

• •• 

600 

Contingencies 

• •• 

138 

Total reduction 


2,898 

Leaving the cost of the one span of 33 feet ... 

m 

Rs. 

9,194 
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APPENDIX B. — DETAILED ESTIMATES OF 1861. 


No. 13, Bridges. 

A. Dengn% Nos. I. and III. 
b. Pier with two semUarches. 




No. 

L. 

B. 

D. 

Mason/ry. 

Foundation Blocks 


2 

(8x7- 

5x4) 

12 

Ditto 

... 

4 

(12x7- 

9x4) 

12 

Ditto 

... 

2 

(13x7- 

10x4) 

12 

Flooring over all ... 

... 

HI 

39 

33 

2 

Pier 

• •• 

■1 

19 

6 

15 

Ditto between skew backs 


■ 

19 

6+2 

2 

2-5 

Cut- waters 

• •ft 

2 

f)c7 

6 

15 

Caps over cut-waters 

• •• 

2 

1 

6+4 

2 

2 

Starlings 

• •• 

2 

0-7854 

2 

6x6 

9 

2 semi-arches as in a. 

... 



• •• 

2 semi-spandrills as ditto... 

... 

• •ft 


... 


Span between spandrills ... 

... 

1 

19 

6-5 

2 

Parapets over arch 

... 

2 

33 


3-5 

Ditto over starlings 

... 

2 

3-1416 

2 


3-5 

Total 

... 

m 


B 

... 

Cut btone-worJe. 

• 

Coping of parapets (see 
above) 

length 


85 

2-0 

0-5 

String course under ditto 

... 

mm. 

85 

1-0 

0-5 

Ditto round pier 

... 

2 

33 

1-0 

0-5 

Facing of semi-arches ... 

... 

2 

37-5 

2-0 

3-0 

Total 

... 

B 

mil 

... 

... 

MetalUng 

... 

s 

39 

16 

0-5 


f ABSTRACT. Rs. 

14,047 Cubic feet of masonry, at Rs. 15 per 100 cubic feet 2,107 

2,137 Ditto ditto in arcb, at Rs. 25 per 100 cubic feet ... 584 

8 Blocks, curb frames, at Rs. 25 each 200 

8 Ditto, sinking, at Rs. 50 each 400 

610 Cubic feet of cut stone-work, at Rs. 30 per 100 cubic feet ... 183 

812 Ditto metalling, at Rs. 6 per 100 cubic feet ... ... 19 

Contingencies at 5 per cent 172 

Total ... Rs. 3,615 























NO. 13 , BBIDOES. 


If block-sinking should not 

be necessary, the following reductions 

may be 

made:^ 



Half the masonry in blocks, oi 

' say 2,000 cubic feet, at Rs. 15 per 100 

300 

Curbs for blocks 



200 

Sinking ^tto 

... • ... 

400 

Contingencies at 6 per cent. 



45 


Total 

945 

Leaving the cost of pier, and two semi-spans Ks. 

2,670 


GENERAL ABSTRACT. 


No. of Spans. 


Without cost of 
block-sinking. 

One span (as per Abstract a) 

12,092 

9,194 

Add as per Abstract 6 

8.615 

2,670 

Two spans as in design No. III. ... 

15,707 

11,864 

Add again ... 

3,615 

2,670 

Three spans as in design No. I. ... 

19,822 

14y534i 

Add again ... ... 

3,615 

2,670 

Four spans as in Tootla drainage... 

22,937 

17,204 

Add again 

3,615 

2,670 

Five spans as in deep cutting west 
Sasseram 

26,552 

19,874 



For the bridges of 3, 4, and 6 spans 1 have made no deduction, in anticipation 
of being able to save block-sinking in the foundations, as the cutting is generally 
deep, and springs are therefore likely to be met with. The bridges of 5 spans in 
the deep cutting will have higher piers, as shown in the elevation in Plate XX., 
but as the abutment foundations wiU, under that arrangement, be laid dry, causing 
a saving nearly equal to the cost of reusing the piers, no alteration is made in the 
estimate on that account. 
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APPENDIX B. — DETAILED ESTIMATES OF 18G1, 


No. 13, Beidges. 

B. Designs II. and VI. 
a. Abutments with two semUarches. 


No. 

L. 

B. 

D. 

Total. 

Masomy. 






Foundation blocks 

8 

(8x7- 

5x4) 

12 

3,456 

Ditto 

16 

(9x7- 

6x4) 

12 

7,488 

Ditto (No. 4 X 1^=) 

6 

(13x7- 

10x4) 

12 

8,672 

Flooring to back of abutment ... 

2 

18*5 + 11 

33 

2 

3,894 

Ditto over blocks for steps ... 

12 

9 

7 

2 

1,512 

Abutments up to top of tow-paths 

2 

19 

17 

8 

5,168 

Ditto next portion 

2 

19 

11 

3 

1,254 

Ditto above that ... 

2 

19 

9 

1*5 

613 

Ditto behind skew back 

2 

19 

9+7 

2 

4 

2*5 

760 

Ditto behind spandrill 

2 

19 

6 

912 

Wing wallsj first 

Ditto second ••• ... 

4 

31416 

3 

5 2 

18 

14 

14 

2,940 

1,495 

504 

4 

6 

Ditto third 

4 

6 

8 

3 

Ditto over steps of abutment 

4 

2 

3 

12 

288 

Ditto ditto ditto 

4 

3 

3 

8 

288 

Ditto ditto ditto 

4 

11 

3 

2 

264 

Cut-waters of abutments 

4 

Jx7 

6 

15 

1,680 

Caps over ditto 

4 

1x6 

4 

2 

64 

Starlings 

4 

0*7854 6x6xO*5 

9 

509 

Two semi-arches ... 

... 

42-7 

19 

3 

2,433 

Two semi-spandrills 

... 

(9*7x40*6-213) 

19 

8,436 

Parapets over semi-arches 

4 

18-6 

1*6 

3*5 

888 

Ditto starlings 

4 

3*1416 

2 

6x1*6 

3*5 

197 

Ditto wing walls 

4 

81*16 2S 

>■25 X 1-6 

3*5 

556 

Ditto dwarf pillars 

4 

3 

3 

3*5 

126 

Steps adjoining towing path, say 

4 

10 

14 + 2 

2 

8 

2,560 

Ditto ditto ditto 

4 

18 

14 + 2 + 2 

8 

3,456 


3 ” 

Total 

... 

... 

... 

49,612 

Deduct, Hollows under tow-paths 

2 

19 

4 

4 

608 

Steps between wing walls 





included in spandrill 
and wing walls 

2 

19 


2 

632 

Total deductions 

... 

... 

... 

... 

1,240 

Tptal Masonry { 

... 

... 

... 

48,372 
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IJo. 

L. 

B. 

D. 

Total. 

Earth^works. 






In approaches 

2 

‘ 460 

2 

20 + 70 

2 

15 

303,760 

In raising side ramps 

4 

220 

2 

20+70 

2 

11 

217,800 

These will more than cover the 






extra width of channel. 






Total Earth-work 

B 

HBiiii 

... 

... 

6,21,650 

Metalling, 

• 





Over semi-arches and abutments... 

2 

18-5+6 

16 


392 

Between wing walls 

2 

24 

44+16 

2 


720 

Total 

Hj 


... 

... 

1,112 

Cut Stone-work, 

im 





Coping of parapets (total longth),.. 



2 

0-5 

230 

String course below ditto ... 



1 

0’5 

115 

Ditto round heads of abutments... 

HjQ 



0*5 

66 

Ditto in wing walls to corres- 



■■ 



pond 


30 


0-5 

60 

Faces of semi-arches 

2 

42-7 

2 

3 

512 

Total Cut-stone 


... 

• •• 

... 

973 



ABSTRACT. 

Rs. 

521,650 

45,939 

2,433 

30 

33 

973 

1,112 

Cubic feet of earth- work, at Rs. 3 per 1,0(W cubic feet 

Ditto masonry, at Rs. 15 per 100 cubic feet^ ... 

Ditto ditto in arch, at Rs. 25 per 100 cubic feet ... 

Blocks, curb frames, at Rs, 25 each 

Ditto sinking, at Rs. 50 each 

Cubic feet cut stone-work, at Rs. 30 per 100 cubic feet ... 

Ditto metalling, at Rs. 6 per 100 cubic feet 

Contingencies at 5 per cent. ... ... ... ... 

... 1,665 
... 6,890 
... 608 
... 760 

... 1,600 
... 292 

67 

... 688 


Total cost of one span of 37 feet... 

Bs. 12,350 

If under-sunk foundations are not required, the following reductions may be 
made:- ^ 

Half the masonry in blocks, or say 7,000 cubic feet, at Rs. 16 per 100 cubic ft. 1,0^ 

Sinking blocks 

Curbs for ditto ... 

Contingencies 


Total ..i 

Rs. 3,466 


Leaving the c<Mt of 1 span of 37 feet ... 

Rs. ^885 
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APPENDIX B.^DETAILED ESTIllATES OF 1861. 


No. 13, Bridges. 

B. Beiigna Nos. 11. and VI. 
h. Pier with two semuarches. 



Masonry. 

Foundation blocks 
Ditto 

Flooring over all 
Pier 

Ditto between skew backs 

Cut-waters 

Caps over cut-waters 


2 semi-arches as In a 
2 semi-spandrills ditto . 
Space between spandrills., 
Parapets over arch 

Ditto over starlings 


Total Masonry 


Cut Stone-worh. 

Coping of parapets (see length 
above) ••• ••• 

String course under ^tto 

Round pier 

Facing of semi-arches 

Total Cut Stone- work 


MetalUny 


ABSTRACT. 

/ 

14,157 Cubic feet of masonry, at Rs. 15 per 100 cubic feet ... 
2,433 Ditto arch, at Rs. 25 per 100 cubic feet 
8 Blocks, curb frames, at Rs. 25 each ... 

8 Sinking blocks, at Rs. 60 each 
679 Cubic feet of cut stone-work, at Rs. 30 per 100 cubic feet 
364 Ditto metalling, at Rs. 6 per 100 cubic feet 
Contingencies, at 5 per cent. ... 


93 

2-0 

0*6 

93 

1-0 

0*5 

56 

1-0 

0*5 

42-7 

2 

3 




Total ...Rs. 3,734 
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APPENDIX B. — ^DETAILED ESTIMATES OF 1861 . 
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No. 13 , Bridges. 

C. Designs Nos. IV. and VII. 
a. AhnimenU with two semUarches. 



Mcuonry. 

Foundation blocks 

Ditto ... 

Ditto 

Flooring over all as far as back 

of abutments 

Ditto over blocks supporting steps 
Abutments up to level of tow 

path 

Ditto next portion above 

Ditto ditto 

Ditto at back of spring of arch... 
Ditto at back of spandrill 
Wing walls, first 


Ditto square ends 

Ditto over steps of abutments 
Ditto ditto 
Ditto ditto ... * 

Cut-waters of abutments 

Caps over ditto ... ••• 

Starlings 

2 semi-arches 

2 semi-spandrills 

Parapets over semi-arches 

Ditto starlings ••• 

Ditto wing walls 

IMtto dwarf pillars 

/ 

Steps a^oining towing path 


Deduct — 

Hollow under tow path 
Steps in back of abutments, in- 
cluded in spandrills and wing 
walls ... 

Total Masonry 










Baising^ side ramps 



These will more than cover the 
excavation for extra width of chan- 
nel. 

Total Earth-work 


Metalling, * 

Over semi-arches and abutments 
Between wing walls 


Total Metalling 


Chi Stone-work. 

Coping of parapets (total length) 
String course below ditto 
Ditto round heads of abutments... 
Facing of semi-arches ... ... 

Total Cut Stone-work 


ABSTRACT. 

4,42,050 Cubic feet of earth-work, at Bs. 3 per 1,000 cubic feet ... 
34,131 Ditto masonry, at Bs. 15 per 100 cubic feet 

1,606 Ditto arch, at Bs. 26 per 100 cubic feet 

19 Blocks, sinking, at Bs. 60 each 

19 Ditto, curbs, at Bs. 26 each 

680 Cubic feet of cut stone-work (extra charge), at Bs. 30 per 100 
1,048 Ditto metalling, at Bs. 6 per 100 cubic feet 

Contingencies at 6 per cent. ^ 

Total cost of one span of 28 feet 


.Bs. 8,779 


If under-sunk foundations be not necessary, the following reductions may be 
made:— Bs. 

Half the masonry in blocks, or say 4^600 cubic feet ... 675 

Sinking blocks H. ... 950 

Curbs for blocks ... ... ... •.• ... ... ... 476 

Contingencies 105 

Total reduction ... 2,205 


Leaving the cost of the one span of 28 feet ... Bs. 6,674 
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APPENDIX B. — ^DETAILED ESTIMATES OP 1861. 


No. 13, Bridges. 

C. Designs Nos. IF. and FIX. 
b. Pier with two semi-arches. 


Masowry. 

Foundation blocks 
Ditto 

Flooring over all ... 

Pier body 
Cut- waters 
Caps to ditto 

Portion between skew backs 


2 semi-arches (as in part a) 
2 semi-spandrills ditto 
Space between spandrills 
Parapets over arch 


No. 


Starlings 


Ditto starlings 


Total Masonry 


Cut Stone-work. 


Coping of parapets 
String course of ditto 
Ditto of head of pier 
Facing of arch 


Total Cut stone-work 


Metalling, 


Roadway 


B. 


(13y7)-(10y4) 

(16x7)-(12x4) 


33 
19 
^x6 
S)c5 

19 


• 7 , 8 ^ 

2 


19 

28 

3-1416 


72 

72 

63 

31-7 


33 


30 

5 

6 
4 

2+5 


5x5 


2 

1-5 


6x1-5 


2-0 

1-0 

1-0 

2-0 


16 


ABSTRACT. 


10,646 

1,608 

4 

4 

264 


Cubic feet of masonry, at Rs. 15 per 100 cubic feet 
Ditto arching, at Rs. 25 per 100 cubic feet 
Blocks, «irb frames, large, at Bs. 80 each... 

Sinking ditto, at Rs.<60 each 

Cubic feet of metalling, at Rs. 6 per 100 cubic feet 

Contingencies at 5 per cent. 


Total 


Rs. 


1,697 

877 

120 

240 

16 

117 


Rs. 2,467 
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If under-sunk foundations be not necessary, the following reductions may bo 

made : — 


Bs. 

Half the masonry in blocks, or say 1,250 cubic feet, at Bs. 15... 

... 187 

Sinking blocks ... ••• ••• 

... 

240 

Curb frames for ditto 

• •• 


Contingencies ••• 


27 


Total .. 

Bs. 574 

Leaving the cost of one span of 28 feet Bs. 1,893 

GENEBAL ABSTBACT. 



With under- 

Without un- 


sunk foun- 

der-sunk 


dations. 

foundations. 

Bridge of one span as per Abstract a— 

Add per pier and semi-arches aa per Abstract 0. 

8,779 

2,467 

6,574 

1,893 

Cost of bridge with 2 spans of 28 feet 

11,246 

8,467 

The cost of the bridge of one arch will be taken in the general estimate at 
Rs. 7,000, and the two arched bridge at Es. 10,000. 
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APPENDIX B.— DETAILED ESTIMATES OF 1861 


No. 18, Bbidges. 


B. Design No. V. 



No. 

L. 

B. 

D. 

Total. 

Masonry. 






Foundation blocks 

16 

(12x7- 

9x4) 

12 

9,216 

Ditto 

4 

(14x7- 

11x4) 

12 

2,692 

Flooring over all 

1 

32 

26 


1,664 

Ditto over blocks under steps... 

8 

12 

7 


1,344 

Abutment up to top of tow-path.. 
Ditto above dittto 

2 

19 

16 


3,040 

2 

19 

10 


1,830 

Ditto behind skew backs ... 

2 

19 

6+8 

2 

6 

2 

763 

Ditto ditto spandrUl 

2 

19 

1-66 

380 

Ditto ditto 

2 

19 

4 

6 

760 

Wing walls 

4 

y«8x30-6 B 

19 

3,641 

Ditto ... ... 

Ditto over steps of abutments... 

4 

4 


2 

16 

11 

2,044 

264 

6 ^ 
2 

3 

Ditto ditto 

4 

2 

3 

7 

168 

Ditto * ditto 

4 

12 

3 

2 

288 

Ditto ditto ends ... 

4 

3 

3 

16 

676 

Starlings of abutments 

4 

•7854 

2 

7x7 

22 

1,693 

Arch 

1 

49-5 

19 

3-6 

3,314 

Spandrills ... .•« 

1 

48-2 X 11-33— 264 

19 

6,360 

Parapets over arch 

2 

44 

1-6 

3-5 

462 

Ditto starlings 

4 

1 

31416 - 
2 

1*6 

3-6 

230 

Ditto wing walls 

4 

®-lf®x29- 

75 1-6 

3-6 

664 

Ditto comers 

4 

3 

3 

3-6 

126 

Steps ... ' 

^ 4 

10 

l0 + 2 

2 

4 

960 

Ditto 

4 

16 

10+2 + 2 

4 

1,680 



3 



... 

... 

... 

... 

42,639 

Dednct — Hollow of towfiig path... 

2 

19 

4 

2 

304 

Step over abutments ... 

2 

19 

8 

2 

608 


■ 

... 

... 

> 

912 

Total Masonry ... 

MetalUng. 

■ 

... 

... 

... 

41,627 






Over arch and abutments 

1 

68 

16 

0*6 

464 

Between vdng walls 

2 

46 + 16 

2 

28 

0-5 

864 


Total Metalling 























NO. 13, BBIDONS. 


cxuiii 



Cvt Stone^worh, 

Coping of parapets 
String course of ditto ... 

Heads of abutments 
Facing of arch 


ABSTRACT. 

583^200 Cubic feet of earth-work, at Rs. 2-8 per 1,000 
88,313 Ditto masonry, at Rs. 15 per 100 

3,314 Ditto arch, at Rs. 25 per 100 

20 Blocks, curb frames, at Rs. 25 each 
20 Ditto, sinking, at Rs. 50 each 
1,328 Cubic feet of metalling, at Rs. 6 per 100 
1,136 Ditto cut stone-work, at Rs. 30 per 100 . 
Contingencies at 6 per cent. 


. 6,7 


. 1,000 

. 80 
841j 
498 


Total for one span of 44 feet ... Rs. 10,452 


If block-sinking be not necessary, the following reductions may be made : Rs. 

Two-thirds of masonry in blocks, or 8,000 cubic feet, at Rs. 15 per 100 ... 1,200 

Block sinking ... ... ... ... ... ... 1,000 

CurbblodLS ... ... ... ... ... ... ... 600 

Contingencies at 6 per cent. ... ... ... ... ... 135 


Total ... Rs. 2,835 


Leaving the cost of one span of 44 feet... Rs. 7,617 


The sum of Rs. 9,000 will be used in the General Estimate. 
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APPENDIX B. — OETAII^O ESTIMATES OF 1861. 


No. 13j Bbioges. 
E. Design No. VIII. 


Masonry, 

Abutments from bottom of founda 
tion to top of tow-path 
Curtain walls 

Curved walls of tow-paths 


Abutments above tow-path 
Ditto behind skew backs 

Ditto behind spandrill 

Starlings 

Wing walls 

Ditto 

Ditto portion over steps 
abutment 


End piUars 


SpandriUs 

Parapets over arch 

Ditto over starlings 

Ditto wing walls 
Dwarf pillars at ends 

Deduct 

Hollow under tow-paths ... 

Total Masonry 

Cut Stone^worJe, 
Coping of parapets ^ ... 
String course of ditto ... 

Heads of abutments 
Facing of arch 

Total Cut Stone-work 

Metalling, 

Over arch 

Between wing walls 
e 



j 

22 

16 

20 

32-t-16 


2 


Total Metalling... 
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1,49,515 

Cubic feet of earth-work, at Rs. 2-8 per 1,000 

... 

374 

9,989 

Ditto 

masonry, at Bs. 15 per 100 


1,498 

950 

Ditto 

arch, at Rs. 20 per 100 


... 190 

416 

Ditto 

metalling, at Rs. 6 per 100 


25 

463 

Ditto 

cut stone-work, at Rs. 30 per 100 


139 


Contingencies at 5 per cent 


•111 


Total ... Bs. 2,337 


Amount used in general estimate for bridge of 1 span of 22 feet ... ** 2^300 
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APPENDIX B. — ^DETAILED ESTIMATES OP 1861. 


No. 13, Bbidqes. 
F. Design No. IX. 


Masowry. 

Abutment from bottom of founda- 
tion to top of tow-path 
Curtain walls ati ••• 

Curved wings for tow-paths 

Flooring 

Abutments above tow-path 

Ditto behind skew back 
Ditto behind spandrills 
Starlings (to top of parapet) 

Wing walls • •• set ••• 

Pltto over abutment steps ... 
Ditto ditto ditto ... 

End pillars 

Arch ••• ... 

Spandrills 

Parapet over arch and abutment... 

Ditto over wing walls 

Dwarf pillars at ends 

Total Masonry 


Cfkt Stone-tDork. 

Coping of parapet 

String course of ditto 

Heads of abutments 
Facing of arch 


Metalling, 

Over arch 

Between wing walls 


’Earth’WorJc, 

In approaches 

Ditto in side ramps ... 
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ABSTRACT. 

7>505 Cubic feet of masonry, at Bs. 15 per 100 ... 


513 

Ditto 

arch, at Bs. 20 per 100 

311 

Ditto , 

cut stone-work, at Rs. 300 per 100 

108,080 

Ditto 

earth-work, at Rs. 2-8 p§r 1,000 

332 

Ditto 

metalling, at Bs. 6 per 100 ... 


Contingencies at 5 per cent. ... 


Total,., Bs. 


Amount used in general estimate for bridge of 1 span of 16 feet ,,. " 


G, Design No. X, 



Mcaowry. 

Abutments up to top of tow-path.. 
Curtain walls 

Curved ends to tow-paths 

Flooring 

Abutments above tow-path 

Ditto behind skew-backs 

Abutments to top 
Starlings to top of parapets 

Wing walls 

Ditto over abutment steps ... 

Ditto end pillar 

Arch ••• ... I*. 

Spandrill 

Parapets over arch and abutment.* 

Ditto over vdng walls,,. i*. 

Dwarf pillars at comers 

Total Masonry 
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APPENDIX B.— DETAILED ESTIMATES OF 1861. 



100 2*0 

100 1-0 

26-5 1-0 

15-75 2-0 


Cwt Stone^orlc, 

Coping of parapets 
String course of ditto ... 

Heads of abutments 
Facing of arch 

Total Cut Stone-work 


Metalling* 

Over arch... 

Between wmg walls 

Total Metalling 


JEarth^worh* 

In approaches 

Ditto side ramps 

Total Earth- work 


ABSTRACT. 

80>626 Cubic feet of earth-work, at Rs. 2-8 per 1,000 



0 

5 

16 

32 + 16 


2 


225 

40+20 

2 

100 

SHI 

2 



6,346 

Ditto 

masonry, at Rs. 15 per 100 ... 

333 

Ditto 

arch, at Rs. 20 per 100 

271 

Ditto 

cut stone-work, at Rs. 30 per 100 

440 

Ditto 

metalling, at Rs. 6 per 100 



I Contingencies at 5 per cent. ... ... ... 66 

Total ...Rs. 1,393 

Amount used in general estimate for bridge of one span of 12 feet ... Rs. 1>400 
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H. Cuherta m approeuihet, 4 feet water-way. 


cxxxix 



Masowrff, 

Body of culverfc taken solid 
Arch taken solid 


%edwfi — Hollow of body 
Half ditto of arch 


Total Masonry 


ABSTRACT. 

2j979 Cubic feet of masonry^ at Rs. 15 per 100 
Contingencies at 5 per cent. 


B. 

D. 

8 

4 

•78x8 

8x0*5 

4 

2 

•78x4 

4x0*5 




Total ... Rs. 469 
Amount taken in general estimate ... Rs. 470 


JT. Culverts in approaches^ 3 feet water-way. 



Masonry, 

Body of culvert taken solid 
Arch taken solid 



45 6 a 810 

46 0*78x6 6x0*5 632 


Deduct — Hollow of body ... 1 45 3 1'6 202 

Half ditto of arch ... 0*5 45 *78x3 3x0*5 79 


Total Masonry 



ABSTRACT. 

1A61 Cubic feet of masonry, at Rs. 15 per 100 ... 
Contingencies at 5 per cent. 


Total ... Rs. m 
Amount taken in generid estimate ... Rs. 200 
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APPENDIX B.-?-DBTAILED ESTIMATES OF 1861. 


No. I4i, Beanch Heads. 

A. Channels^ Classes IIL to FIL 
Work required in addition to the Bridges. 


Masowry. 

Redan shaped steps sides... 

Ditto angle solid ... 

Blocks under ditto 
Wells at angle 

Deduct hollow under arches 


Stairs 

Parapets 


Ded/UfCt’^ 


First 

Second ... 
Third 
Fourth ... 


Total Masoniy, excluding flooring. 


Wood-work. 

Class III. Beams... ... 

Boards 4x7 ... 



Class y. Beams two arches 


8 

108 

80 

9 

8 

84 

23 

7-6 

4 

64 

85 

6-5 






























Class VI. Beams 

Boards 2x25 


Class VII. Beams ... 

Boards... 




Flooeing. 


Det Stoitb-woek. 


Class III. ... 



IV. ... 

••• 


V. ... 

• Si 


VI, ... 

• •• 


VII. ... 







B. D TotaL 


2 5.300 2 

2 3.520 2 

2 2.288 2 

2 1,672 2 

2 1,232 2 


ABSTRACT. 

III. 12,117 Cubic feet of masonry, at Bs. 15 per 100 cubic feet... 
6,300 Ditto flooring, at Bs. 15 per 100 cubic feet ... 

6,120 Ditto dry stone-work, at Rs. per 100 cubic feet 

281 Ditto wood work, at Bs. 3 per foot... 

• Blocks and Tackling ... ... ... 

Contingencies at 6 per cent. 


3 6,120 

3 4,680 

3 3,240 

2-5 2,025 
2 



IV. 12,117 Cubic feet of masonry, at Bs. 15 per 100 cubic feet ... 
3,520 Ditto flooring, at Bs. 15 per 100 cubic feet ... 
4,680 Ditto dry stone-work, at Bs. 8 per 100 cubic feet 

157 Ditto wood-work, at Bs. 3 per foot 

• Blocks and Tackling ... ... 

Contingencies at 5 per cent. 

Total . 

y. 12,117 Cubic feet of masonry, at Bs. 15 per 100 cubic feet ... 
2,288 Ditto flooring, at Bs. 15 per 100 cubic feet ... 

3,240 Ditto dry stone-work, at Bs. 8 per 100 cubic feet 

105 Ditto wood work, at Bs. 3 per foot... 

Blocks' and Tackling 
Contingencies at 5 per cent. 


Total ... Rs. 2,915 
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VI. 12,117 Cubic feet of masonry, at Rs. 15 per 100 cubic feet ... 

• •• 

1,817 

1,672 

Ditto flooring, at Rs. 15 per 100 cubic feet 

• •• 

251 

2,025 

Ditto dry stone-work, at Rs. 8 per 100 cubic feet 

• •a 

162 

72 

Ditto wood-work, at Rs. 3 per foot ... 

• • • 

216 


Blocks and Tackling ... 

• •• 

50 


Contingencies at 5 per cent. ... ... 

• •• 

124 


Total 

... Rs. 

2,620 

VII. 12,117 Cubic feet of masonry, at Rs. 15 per 100 cubic feet ... 


1,817 

1,232 

Ditto flooring, at Rs. 15 per 100 cubic feet 


186 

1,200 

Ditto dry stone-work, at Rs. 8 per 100 cubic feet 


96 

49 

Ditto wo^-work, at Rs. 3 per foot 


147 


Blocks and Tackling 

... 



Contingencies at 6 per cent. 


115 


Totia 

... Rs. 

2,410 

B. 

♦ 

Branch heads for Channels^ Classes Fill. 

io X. 




Masonrif, 

Redan shaped walls, Class Vlll. ••• 


Ditto Class IX • ••• ••• 


Ditto Class X 


Wood-work, 

Class VIH. 

Beams 

Planks (2 X 16) 

Total Wood-work of 8th class... 


Class IX. 

Beams 

Planks (2x12)... 


Class X. 
Beams ... 
Planks ... 


Dry Stone-work, 
Claes YlII. 


Class IX. ••• ... ■« 


Class X 
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APPENDIX B.— DETAILED ESTIMATES OP 1861. 


No. 16, Distmbdtames (See Plate XXI.) 
A. Channel Head. 


Masonry. 

Foundation walls below flooring... 
Ditto ditto 

Flooring over all 

Side walls, 1st 

Ditto 2nd 

Ditto 3rd 

Ditto 4ith ... 5:. 

Arch and covering, taken solid to 
spring ... ... ... ••• 

Cross walls, front 

Ditto rear 

Parapets 

Total Masonry 


A sluice board with gear 


Metalling, say 


ABSTRACT. 

2>259 Cubic feet of masonry, at Rs. 15 per 100 cubic feet ... 
160 Ditto metalling, at Rs. 6 per 100 cubic feet ... 
2 Sluice board and gear 

Contingencies at 5 per cent 



B. 

D. 

2 

3-5 

2 

3‘5 

10 

1-6 

2 

1-5 

2 

1*5 

2 

1-5 

2 

1*5 

6 

3-5 

3*5 

. 6 

• 1-B 

6 

1*5 

3 



6 

2*5 ! 

0*125 

2 

20 

16 

0*5 

160 


Total cost for one Channel head ... Rs. 393 

B. Channels (per mile.) 




JSarth~iDorh. 
Channel, 1 mile ... 


ABSTRACT. Bs. 

211«200 Cubic feet of earth-work, at Rs. 1-8 per 1,000 cubic feet 317 

Contingencies at 5 per cent. 16 


B. 

D. 

Mean. 

10 

4 



Total cost per mile of Channel ... Rs. 333 































NO. 16, Diat3tiBim«i|». 


C. Falh. 



Jfasowy, 

Floor of well 

Wallfl of ditto (takxi^ the tail 
ateps as agreed to completing 

the drcle) 

Front curtain widl 

Wing wails, npper 

Flooring between ditto •ee ••• 

Bridge abutment walla 

Ditto all between spring of arch 

and upper floor, solid 

Ditto foundation of abutment ... 
Ditto curtain wall ... 0 

Flooring 

Wing wail, straight 

Ditto end ••• ••• •• 

Parapets over bridge • •• #• 


Total Masonrj 


Excavation... 



ABSTBACT. 

4,991 Gulflo feet of masonry, at Bs. 15 per 100 cubic feet 
6,569 Ditto of earth-work, at Bs. 4 per 1,000 cubic feet 

Contingendes at 5 pw cent. •*. ••• •• 


... 748 


Total cost... Bs. 818 


2>. Metalled FordB. 


jBzeavation of 2 ramps, 40 x 80 x4 >c 0^5 « ^800 cable ftet, at bs. 1-8 per 1,000 
Metalling, 80 X 40 X 0^5*900 cubic fiset, at Bs. 6 per 100 cubic feet 

Fearing 100 M of jungle wood flmoe, at 4 annas a foot. 

Contipgenriea at 5 per cent, • •• „■ M* ••• 


Total ... Ib. 
















APPENDIX B. — ^DETAILED ESTIMATES OP 1861. 


E. Bridget. 


Masonry, 

Body of bridge taken solid 
Dedubct Hollow under flooring 



Wing wall 
Ditto 
Parapets 
Ditto 


Total Masonry 


ABSTRACT. 

2>129 Cubic feet of masonryi at Rs. 15 per 100 cubic feet 
Contingencies, at 6 per cent • ••• »»t 

Total for a bridge 


Rs. 335 


F, Escapes, 



Masonry, 

Side wall below flooring, straight. 
Ditto ditto cuired 
Curtain wall ... 
flooring 

Ditto ... ... 

Ditto oyer lap 
Abutment wall ... 

Bridge, solid, above spring 
Straight wall below bridges 
DHto steps *.■ 

Wing Walls ... 

Total Mascmry 

Dry Stone with piles 
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... -.ABATAA-CT.,-,, 

. Bs, 

2,169 Cubic feet of masonry, at Ba 13 per 100 cubic feet 

... 825 

240 Ditto of dry stone-work, at Ba: 8 per 100 cubic feet,.. 

M, 19 

Coiitiiig|«idea 

... 17 

'^^otal for an Bseape.,. 

B.. 8$1 

G. Aqueducts 




IloEowry* 

Foundation abutment of piera 
Ditto ditto ^ 

Ditto ditto 

Cmrtain walla 

Ditto 

Flooring under bridge ... 
Abutment to spring 
Ditto behind akew-l^k 
Ditto apandrill 
I*ier8 to spring ••• ... 

Ditto 

Ditto 

Corpeta ditto 

Arches .ag ... 

Spandrilla 

O^er peer between apandrilla 
Wing walla, straight 
Ditto ditto 

Ditto curved 

Curtain wall of aqueduct 

Flooring in wings 

Ditto 

Parapets 


Total Masonry 




, abbtSAcT.'' ' 

3,690 Cubic feet of eartb*w(»rbf at Bs. 4 pec 1,000 'cubic feet 
6,963 Ditto '^of maadncy^ at Bs. pec 100 cubic feet 

Contingendes at 5 pec cent, ‘ ... 

Total for Aqueduct 


... Ba. 1,111 




















exhriii appendix b.— -detailed estimates op 1861 . 

S. 8ypk6n Draim. 


Ma»onry, 

Wing wallfl, lower duuinel cnired . 


Ditto ditto etraiglit 

Ditto ditto ditto 

Steps, lower channel 

Ditto ... 

Ditto ••• ••• 

Ditto «eo 

Ditto «■> ••• 

Flooring of lower channd 
Abutments of arch 

Arch to floor taken solid 

Parapet widls over arch 

Wing walls of upper channel 

Ditto curved parts 

Flooring 

Curtain walls 

Total Masonry 


JExcavation, 




83 

7 

6*5 

11 

2 

8 

17 

2 

2*6 


ABSTBACT. 

3,281 Cubic feet of masonry, at Bs. 16 per 100 cubic feet 
1,874 Ditto of earth-work, at Bs. 2 pr 1,000 cubic feet 
Contingencies at 6 per cent. ... •» 



... 485 
... 41 


... Bs. 518 


















NO. 15, DisTBiBirrAiuas. 


K, nUaffe Water-courts Aead, or Module. 
(Hittduetani **Pymana’*J 



Mofonry, 

Xioii^ wftlls*** t«t 
Ditto above ... 

Cortain walls 

Flooring 

Cross walls, front "ii«a 
Ditto rear 


Stone-work. 

Ghpoove 

Slab ••• ••• 

Inlets a«a aea 

Ditto ••• ••• ••• 

Road- way slabs 

Total Stone-work 


ABSTRACT, 

223 Cubic feet of masonry, at Bs. 15 per 100 cubic feet 

21 Ditto of stone-work, at Bs. 60 100 cubic feet ••• 

1 Sluice plank •• 999 eea 999 999 ••• see 

Contingencies at 5 per cent. ••• ••• 

Total ... Bs. 

.GENERAL ABSTRACT FOB ONE MILE OF DISTBIBUTABY. 
In each mile. ■■■■ 

Earth-work 999 999 W99 999 «ff 990 99$ 999 | 999 I 

One Ford • • •** ... ... f.* ••• I 4k, I 

Six village water-course heads ^ 

Total in eadi mile set ••• I 999 I 

In tenmUee. 

Two heads •„ ••• T80 

Two fjfdls ■*. ••• •*, ••• ••• ••• I 1,020 I 

One escape ««. *■ •„ ,., ••• 801 

One aqu^uct ... ... ■„ ••• ••• ,«• i,m I 

One syphon drain ,*• ... •*, ••• 518 

One brm^ 4,, ... ,„ ••• ••• 'I 885 

One ttil fldl, Mine ooct m heed ... .*• e,e I 893 I 

Total 5,125^ 

Cf whi^ oiie-te|ith is 

Total cost per mile ... L 
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APPENDIX B.^DfiTAILE& ESTIMATES OP 1861. 


TOs estimate is oioly inteiided to how the oost may possibly be made up. 
In prdiiide it has been found in the Gangiss Canal Works that the B^jbuhas or 
Distrifntaries cost about Bs. 1>0(X) per mite ; and Bs. 1,200 seems a fhir amount to 
assume for the Soane Canals. 

The land at 60 feet width will come to about 6 across a little short of 10 bee- 
gahs per square mile, which at the average rate assumed will cost Bs. 60, and Bs. 40 
more may be added for clearing, fencing, Ac.; so that on the whole I take the 
cost of Distributaries or Bajbuhas at Bs. 1,300 per mile. 




QmmAh. . iBSTIUATB. 


cli 


No. 16. " 


Account ot thb bxpbnbxtubb on lara tbeukinabt subvbt op thb Soanb 
Canalb and otsbb Ibmoat^on Peojbotb fob Shahabad and Khab. 


lirft Bwnejf qf 1864-55. 

B8 . a. p. 

Salary of Superintendent^ 6 monthly at Bs. 500 ... 8,000 0 0 

Salaries of Native Levellers, Writers and Draftsmen ... i,380 13 11 
Wear and tear of instruments ... 74 $ n 5 

Op&r<^nsft<m Deeemher 1855 to Mwch 1858. 

Salaries of all dasses ... ... ... 28,669 8 0 

Travelling allowances ... ... ... 3,398 0 0 

Contingent charges ... ... ... 670 12 10 

Wear and tear of instruments ... ... 324 2 7 

Loss of instruments in the mutinies ... ... ^39 14 2 

Construction and repair of bungalows for the shelter of 
the Establishment at various spots ... ... 11,406 9 8 


Rfl. A. P. 


5,077 9 4 


Small Establishment kept up ffom March 1858 to December 1860 
• JVom Dseemdsr 1860 fo 1861. 


46,108 15 3 
8,174 14 1 


Salaries ... ... 

Travelling allowances ••• 

Contingent charges 
Printing Plans ••• ... 

Printing Report and Estimates.., 


... 12,730 4 
... 458 8 

... 602 10 


1,410 8 0 
1,002 5 9 


2,412 13 9 


16,208 15 6 


Grand total Bs. 70,565 6 2 


GEinsaA EsnuATx. 

I have not thod^fht it necessary to print the calculations upon which the 
following details are based. The reader who is so inclined will have no difficulty 
in following most of the details set down, being guided by the Report and the 
several detiUled Estimates in the Appendix. It only appears necessary to explriu 
that the number dt bridges is fixed at 8 per mile^ or rathmr more, but in this 
caknlation the bridges at the locks and fiills are counted; so that a canal of 24 miles 
long having 6 locks and ftlla would have 8 bridges in edition, making 8 points oi 
cross communication. The falls are of eonrse given in accordance with the Secrionr, 
fiir the lines of which the lev^ have beendnken. l^or the r emaining lines they are 
taken from e ealeuiatlon of the excess of the total fidl of the countiy over that ' 
intended to be given to the canal bed, the former being taken from the sketohed , 
CQQtoars on Plate 111. 
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Bead Works. 

Be. Ss. 


JmA, 800 beegahs, at Bs. 6 

••• 

4.800 

Flantationf^ one-sixth cost of land * 

■ae )•• 

800 

Boads and fences say 10 miles, at Bs. 800 8,000 

8,800 

Temporary quarters, 1 Superintending Engineer, 1 Exe* 
cutive, 8 Assistants, 16 Subordinates and Clerks; plus 

one-fourth ... ••• 

••• sea 

14,750 

Western look channel head 

••• earn 

1,33,973 

Eastern ditto 

•an 

60,161 

Temporary dam ... .«• 

sea 

2,34,469 

Workshi^ ... 

ana 

50,000 

Permanent quarteilM * ... 


62,000 

Ditto dam ... 

••• eaa 

11,29,269 

Western Canal head bridge ... 

aaa eaa 

1,46,346 

Eastern ditto ... 

••• eea 

34,462 

Bails, rolling stock, another plant 

••• ••• 

2,60,000 


21.H020 

Establidiment at 12^- per cent. ... 2>64»252 

28,78,272 

80 per cent, added to cover probable rise of prices 6,S4!,206 

Total eatimated outlay ... 80,12,478 

Western Canal, Moan Line fAJ» 


10}> mUea long, vdth 6 miles of escape; width at bottom 78 ibet; depth of 
water 7^ feet ; Ml of bed per mile 0*76 foot ; discharge 1,980 cubic feet per second. 




Bs. 

Land, 7 miles at Bs. 846 

... 

6,916 

Land, 8i miles at Bs. 668 


4,646 

Plantations, one-sixth cost of land ... 

... 

1,760 

Boads and fences, 15^ mUes at Bs. 400 

... 

6,100 

Excavation ... 


6,78,881 

6 Inlets of 10 feet water-way with drop 

20,000 


, 2 IHtto 20 ditto ditto ... 

10,400 


Tootln drainage works , ^ 

8,10,980 

8/41,880 



S Biidgei over deep cutting 

69,000 


4 Ordinary bridges 

76^000 

i.sannn 

Escape head,^ 8 openings 

4 Bdls of 100 feet water-wayj^'on escape to bring it to 

14^000 


the level of the Soane, whidi provide suffident cross 
aoiii^iiidcalion . 

1,49/KX> 

IMOOO 

Carried over 


12,16,181 



general estimate. 


cliii 


Brought forward... 

10 Miles of Distributaries, at Rs. 1,800 per mile 
1 First Class Chokee, Rs. 2,000; one Second aassCho- 
kee, Rs. SpO; 1 Assistant Engineer’s Rs. 6,260, 
and three Overseers’ quarters Rs. 7,825 

Establishm^t at 12} per cent. ... 

30 per ceut.^ added 


Rs. 

13,16,181 

13,000 


12,45,106 

1>56,638 

14,00,744 

3,78,632 

17,74,276 


Arrah branchy upper fBJ, 

22 miles in length with 14 miles of escape ; width at bottom 424 feet 
water 64 feet ; fell of bed per mile 1'04 feet; discharge 877 cubic feet per 
Land for 234 miles of Canal, at Rs. 422 per Rs. 

mile 9,D17 

Ditto 32 beegahs for Executive Engineer’s 

Head Quarters ... 192 

Ditto.for six locks ... ' ... 6,912 

Plantations, one-sixth 'cost of land ‘ ... ... ... 

Roads and Fences, 234 miles at Rs. 260 ... ... - 

Excavation... 

1 Syphon drain for the Nowadeeh Nala... 

1 Bridge at head. Class III., with regulating apparatus 16,100 

14 Bridges, to cover cost of one larger bridge on 

Grand Trunk Road... ... ... ... 21,000 

8 Four feet culverts unden approaches to bridges ... 3,760 

Escape head, of 6 openings ... ... 12,500 

2 Falls of 60 feet water-way {to bring escape to level • 

of the Soane) at ... ... 40,000 


6 Falls with barrier bridges, double locks, r Irrigation 
and navigable channels ... ^Navigation 

100 Miles of distributaries at Rs. 1,300 per mile, for an 
irrigation area of 148 square miles ••• 

6 Mills of two houses each, at Rs, 2,200 ... 

2 first Class Chokees, Rs. 4,000; 6 Second Class ditto 
Rs. 4,800, 6 Overseers’ quarters Rs. 13,125, iu- 
ludingboth temporary and permanent 
Quarters for Executive Engineer and Office; and 
workshops, including permanent and temporary 
quarters ... ... « 


; depth of 
second. 
Rs. 


17,021 

2,670 

5,876 

1,75,161 

60,000 


52,500 

1,62,000 

2,73,600 

1,30,000 

13,200 


Carried over 



APPENDIX B. — ^DETAILED ESTIMATE OF 1861. 


Brought forward 


Establkhment at 12} per cent. 


\ per cent, added to meet rise of prices ... 


Hs, 

9,70,652 

1,21,319 

10,91,871 

2,91,166 

18,83,037 


Arrah JBranch, second porHan (0). ^ 

7} miles, udth 4 miles of escape; width at Wtom 81 feet; depth 
4) feet; fhll per mile 1*25 feet ; discharge, 576 cubic feet per second. 

Land for 11} miles of canal at Bs. 282 ... . ... 

Flantations ... ... ... ... ,,, 

Moads and Fences at Bs. 250 per mile ... ... 

Excavation 

1 Inlet on level, of 20 feet water-way ... 

1 Escape 30 ditto 

2} Bridges, Class IV., (the } to allow for district road) 

4 Four feet culverts in approaches to bridges 
Begolating gear for head bridge 

Esciqpe dam, 4 openings ... ... 

1 Fidl of 40 feet water-way on escape ^ 

9 Locks with double chambers and waste r Irrigation 

weirs, at ... ... I Navigation ... 

2 Mills of 2 houses each, at Bs. 2,200 

24 Miles of distributary, at Bs. 1,800 per mile for 85 square miles 


of water 


1 First Class and 2 Second Class Chokees, and one Ovpeers quarters 


Establishflient at 12} per cent. 


80 per cent, added to cover rise in prices 


2,55,391 

31,923 

2,87,314 

76,617 


Total 8,63,931 

Arrah Sranck, thWdpwt fJOJ, 

A .t bottom 28 feet; 

of weter 3| feet, ftl|^ mlto feet , ditebuge 885 cnUe feet per Mmood! 

I<»dl7tiaaee#tBe.256per'mae ... ^ 

.. I^ndiatioiM ... ■■■ 

"i . •• ••• 787 


Carried over ... 


5,189 



GBNBBAL ESTIMATE. 


Bonds and Fences at Bs. 250 per mile 
Excavation 

2 Inlets of 20 feet opening on level 

3 Escapes 80 ditto 


Brought forward ... 


1 Inlet of 100 feet ... ... ... 7,000 

1 Bscap^f 160 feet .. ... ... ... 14,250 

* 

3 Bridges, Class V., including one with regulating gear at head 
6 Pour feet culverts in approaches to bridges ... 

2 Falls of 30 feet water-way on escape ... ... 

[£& ;; :: ::: 

3 Sets of Mills, at Rs. 2,200 

42 Miles of Distributai^, at Bs. 1,300 per mile, for 62 square miles of 
area to be irrigated 

1 First and 3 second Class Chokees, and residence for one Overseer ... 

Establishment at 12^ per cent. . . . 


30 per cent, added as before 


8,88,492 

1,03,596 


Arrah Bramch, last fart (BJ, 

20 i miles in length, including tail escape; width at bottom 18^ ibet; depth 
of water 3i feet; fall per mile 1*75 feet; discharge Bs. 243 cubic feet per second. 

Bs. 


Land for 20i miles at Bs. 231 ... 

Plantations 

Roads and Fences, at Bs. 260 per mile ... ... ... 

Excavation ... ... „. 

Bridges, Class VI., one with regulating apparatus ... ... 

9 Pour feet culverts in approaches to bridges ... 

6Sb«lelock^ind«iS»gt.aio«k 

Possible addition for navigation in the Banas * ... 

6 Sets of Mills, at Bs. 2,200 each ... 

60 Miles of Distributaries, at Bs. 1,300 per m|le, for 123 square miles of 
irrigated area ... 


4^376 

725 

6,126 

85,181 

27,350 

2,820 

27,500 

1,10,000 

1.50.000 
11,000 

1.04.000 


Carried over 


4,78,016 



clvi APPENDIX B. — ^DBTAtLED ESTIMATE OF 1861. 

B8. 

4,78,076 

16,900 




4,94,976 

Establishment at 12:^ per cent. 


61,872 

80 per cent, added as before... 


111^5,56,848 

.^,48,493 


Total 

Bs. 7,05,341 


Brought forward 

2 First Class and 3 Second Class Choke6s> and residences for 1 Assis- 
tant Engineer and two Overseers 


Nansmgor Branch (FJ. 


22^ miles long, including tail escape ; width at bottom 8 feet ; depth of water 
1} feet; fall per mile 2 feet ; discharge 45 cubic feet per second. 

Bs. 

Land^ 22^ miles at Bs. 127^ ... ... ... 2,869 

Plantations ••• ••• ••• 477 

Boads and Fences, at Bs. 150 ... ... ... 8,375 

6,721 

Excavation ... ... ... ... .• ... 29,744 

2 Falls of 10 feet water-way, including tail fall 4,000 

4 Bridges, Class IX., at Bs. 1,700, three with regulating 

apparatus ... ... ... ... 7,896 

8 Three feet culverts in approaches to bridges... ... 1,600 

18 Metalled Fords, at Bs. 160 each... ... ... 2,700 


1 First Class and 2 Second Class Chokees 
1 MiU ... 

16 Miles of Distributary, at Bs, 1,300 a mile, will suffice, 
with the canal here, to complete the distribution of 
water... ... ... ... ... 20,800 

Modules for village water-course heads, for 22 miles of Canal 

at Bs. 400 per Inil 2 ... ... ... 8,800 


12,195 

8,600 

1,300 


Totrf ... 87,160 

Add 12^ per cent, fbr Establishment ... 10,895 

98,055 

Add 80 per cent* as before , 26,148 


Totfd ... Bs. 1,24,203 



OENEBAI, ESTIMATE. 


civil 


Peeroo Branch, first part fGJ, 

Hi miles in lenfi^b, with 6 miles of escape ; width at bottom 17 feet ; depth 
of water 3*1 feet; fall per mile 1*8 feet ; discharge 214 cubic feet per second. 


Land 

Flantationis 

Bonds and Fences ... ... * 

Excavation 

One fall 25 feet water-way on escape 
3 Bridges^ Class VI., one with regulating apparatus 
6 Three feet culverts in approaches to bridges ... 

1 Escape head of 30 feet water-way 


Bs. 

4,042 

673 

4,375 

45,018 

6,600 

26,600 

1,200 

5,000 


2 Locks of 60 X 10 at Es. 6,600 ;;; 

53 Miles of Distributary at Bs. 1,300 a mile, for 77 square miles of 
area to be irrigated... ... ... ^ ... 

2 Mills (single hoiise) at Bs. 1,300 each 

1 First and 1 Second Class Chokee, 1 Assistant Engineer’s and 1 Over- 
seer’s residence 


11,000 

2,000 

68,900 

2,600 


10,676 




1,87,683 

Establishment at 12} per cent. ... 


23,448 



2,11,031 

30 per cent, added as before 


66,274 

Total cost ... 

Peeroo Branch, second part (K), 

Bs. 

2,67,305 

MM 


17} miles in length, including tail escape ; width at bottom 11 ibet ; 
water 2} feet ; fall per mile 2 feet ; discharge 84 cubic feet per second. 

depth of 

Land, 17} miles 


3,360 

Plantations 


660 

iMtds and Fences ... ... ... ... 

«*• 

2,625 

Excavation ... ... ... 

• •• 

17,949 

One &ll 20 feet water-way at tidl 

• ee 

4,000 

2 Bridges, Class YIII., one with regulator 

see 

6,167 

4 Three feet culverts in approaches to bridges... 


800 

4 Lock. 60 X 10 at B.. 6,600 each ... [ ' 


16,000 

10,000 

72 Miles of Distributary, at Bs. 1,300 per mile, for 110 square miles of 


area to be irrigated 

• 

93,600 

^ 4 Mills at Bs. 1,300 each 

eee 

6,200 

1 First and 1 Second Ctoss Chokee, and 1 Overseer’s residence 


6,426 



1,63,886 

Estalishment at 12} per cent. 

... 

20,486 



IMSTS 

30 per cent, added as before 

"1- 

40,166 


Total cost 



clviii APPENDIX B. — ^DETAILED ESTIMATE OP 1861. 

Jttgdispoor Branch (I)^ 

17 Miles in lengfth to ti^ escape on the Charyee ; 10^ feet wi^e at bottom j depth 
of water 2'2 feet ; BUI per mile 2 feet ; discharge 73 feet per second. 


Land at Rs. 166 per mile ... ... 

Plantations ' ... 

Roads and fences 
Excavation ... 

1 Bridge, Class VIII., wWh regulator... 

2 Three feet culverts in approaches to bridge 
1 Fall of 20 feet water-way at tail ... 


6 Lock, of 60x10 atn.. 6,500 each ;;; 

64) Miles of Distributary, at Bs. 1,300 -per mile, for 97 square mile of 
area to be irrigated • ... 

6 Mills (one house each) at Bs. 1,300 ... 

1 First and 1 Second Class Chokee, and one Overseer’s residence ... 


Bs. 

2,822 

470 

2,550 

16,965 

2,867 

400 

4,000 

24.000 

15.000 

83,200 

7,800 

5,425 


1,65,409 

12| per cent, for Establishment ... 20,687 


1,86,186 

80 per cent, added as before 49,649 


Total 


2,35,835 


Baneepoor Branch, wpper part (JJ, 


22 miles in length, with 2 miles escape; width at bottom 16 feet ; depth of 
water 3 feet; ffUl per mile 1*9 feet ; discharge 190 cubic feet per second. ^ 


Land at Bs. 192 a mile, 24 miles 
Plantations ... 

Roads and fences ... 

Excavation ... 

1 Escape head, 30 fee^ water-way . . ... ... 

1 Fall at escape tail, 25 feet water-way 
6 Bridges, Class VII., one with regulator 
12 Three feet culverts in approaches to Mdges 

S Look, of 60x10 at Ba. 6,600 each - . ••• 

a IQUa, single hooM, at Ita. 1,300 ... ... ... # 

74 ICle. of Distribntnry, at B». 1,800 per milei, for 111 sgnare mil-, of 
' area to be irrigated .. 


Bs. 

4,608 

768 

3.600 
49,863 

4,000 

6.600 
88,400 

2 , 4 ^ 

11.000 

2,00d 

2,600 


96,200 


Carried over ., 



GBUmiAh ESTIMATE. 


cHx 


f Brought forward ... 2,20, i39 

Second Claas Chokeee, one Aasistamt Engineer’s 


residence 


10,860 


Establishment at 1^ per cent. 

2,31,289 

28,911 


Add 30 per cent, as before 

2,60.200 

69,887 


Total 

3,29,687 


Sanee^or Branch, lower part (K), 

Length 13^ miles, including tail escape ; width at bottom 12 1 feet ; depth of 
water 2} feet ; fall per mile 2 feet ; discharge 106 cubic feet per second. 


Land, 13^ miles at Bs. 192 

Plantations ... ... ... 

Roads and fences 

Excavation ... 

4 Bridges, Class VII., one with regulator " ... 

6 Three feet culverts in approaches to bridges ... 

96 Miles of Distributary, at Rs. 1,300 per mile for 141 square 
irrigation ••• ... ... 

1 First and 1 Second Class Chokee ... ... ... 

Rs. 

... 2,692 

432 

... 2,025 

... • 16,072 
... 26,400 

1,200 

miles of 

... 1,23,600 
... 2,800 

Establishment at 12^ per cent. 

1,74,021 
. 21,762 

Add 30 per cent, as before 

1,96,778 

62,206 

Total 

. 2,47,979 

Saseeram Branch, upper part (L) . 


Length 7^ miles, with ^ mile escape ; width at bottom 49 feet ; depth of 
water 6 feet ; foil per mile 1 foot j discharge 1,091 cubic feet per second. 

Rs. 

Land, 8 miles at Rs. 422 

Ditto for Executive Engineer’s Head Quarters 

Ditto for one Lock Channel 

Plantations ... ... ... 

Roads and fences at Rs. ^ 

Excavation 

192 

1,162 

4^720 

786 

8,200 

1,21,956 


Carried over ... 



APPENDIX B. — DETAILED ESTIMATE OF 1861. 


Brought forwi^ ... 

Inlet and Escape head, 9 openings 
Minor drainage works 
Passage of the River Kao 
Diversion of the Grand Trunk Road 
2 Bridges, Class II., one with regulator ... 

4 Four feet culverts in approaches to bridges 

1 Fall wiH^ harrier bridge, double f Irrigation 
locks, and lock chisel ... ^Navigation 

20 Miles of Distributary^s. 1,300 per mile 
1 First Class and 1 Second Class Chokee, accommodation for 
Executive Engineer and Office, and work-shops.,. 


1,30,662 

20,500 

27,000 

3,20,000 

17.000 

37.000 
1,880 

35.000 
42,300 

26.000 


Establishment at 12^ per cent. 


6,91,142 

86,393 


30 per cent, added as before 


7,77,535 

2,07,342 


9,84,877 


Sasseram Branch, second part (MJ, 

Length 22 miles, with one mile of escape; width at bottom 20 feet; 
water 3^ feet ; Bill per mile 1*64 feet ; discharge 288 cubic feet per second. 


depth of 


Land, 23 miles at Rs. 231 

Plantations ... ... ... ... ... * 

Roads and Fences, at Rs. 250 
Excavation 

8 Inlets, 10 feet with drop ... ... ... 

' 2 Bridges, Class VI., one including regulator... 

4 Four feet culverts in approaches to bridges... 

1 Escape head, 30 feet water-way 

. 8. Falls, at tail of escape, 30 feet water-way ... 

4 Single locks 120 x 16 with single waste weirs ^^a^ation 

2 , Small locks 60 x 10, with two 12 feet waste weirs f Irrigation ... 

' Rs. 9,000 ... ' ... ... ^Navigation 

4 Mills (double) at Rs. 2,200 each ... ... 

2 iDltto single at Rs. 1,300 • •4 

60 Sftes of Distributary, at Rs. 1,300 per mile for 88 miles|||area to 

bo irrigated ... • ... 


5,313 

885 

11^.750 

^,606 

12,000 

18,600 

1,880 

6,000 

22,500 

30.000 

80.000 

15,000 

8,000 

8,800 

2,600 


Carried over 


3,52,934 





Brought forward ... 8,1 

,1 Itot and 6 Second ClaftiOhokee^ 1 Assiatant En^eer'a and 2 
Overaeers’ reiddencea 


EBtabliahment at 12^ pear cent. ... 


80 per cent, added as before 


4.15,614 

1,10^ 

... 


Saswram JBranch, last part fKJ, 

Length 18^ miles, including tail escape; width at bottom 10^ feet; depth of 
water 2i feet ; foil per mile 2 feet; discharge 72 cubic feet per second. 


Land, IS) miles, at Bs. 166 per mile 
Plantations ... 

'Boads and Fences, at Bs. 150 

Excavation • •a aaa ••• .m ^ 

1 Fall at tail, 20 feet water-way ... 

4 Bridges, Class YIll., one with regulator ... 

8 Three feet culverts in approaches to bridges 

2 Locke eoxia .t Ee. 6,600 Z Z Z 

2 Single Mills, at Bs. 1,300 

64 Miles of Distributary, at Bs. 1,800 per mile, for 95 square miles 
of area to be irrigated ... ... 

1 First and 2 Second Class Chokees 


Establidiment at 12| per eent«... 


1 , 41,786 

17,728 


Add 30 per cent, as before 


1,59,609 

42,685 

2,02,044 


Jagfeemn JBranek, Jtrrt part (O). 

Leng^ 174 ns^lea, with 2 miles of escape; width at bottom lAfo^ of 


water^2ifeet; foil per mile ^ foot; discharge 122 cubic feet per seoand, , 
Land, 19} miles at 111:192 

HHitaltou ... ♦ ... i 

B«*di wd J'eiiictt, at Bib UO 


Ba. 


Ouried over 



AfPBNOIX B.— SETAItED BSXDtAXE OT 1861. 


okuiv 




Rs. 

Brought forward 

... 

7,293 

EzcaTsUon ... ... ... ••• 

..t 

87,080 

Escape head^ 30 feet water-way 


4,000 

FaU at tail, 25 ditto ... 


6,600 

2 Bridges, Class VII., one with regulator 

... 

H40Q 

4 Three feet culverts in approaches to bridges ... 

... 

800 

B Lodijox 10, at Ba. 6,600 ;;; ;;; 

... 

27,600 

6.000 

6 Single Mills, at Bs. T, 800 

... 

6,600 

64 Miles of Distributary, at Ra. 1,300 per mile, for 81 square miles of 


area to be irrigated ... ... ... 

... 

70,200 

1 First and 1 Second Class Chokee 


2,800 



Ifiim 

Establishment at 12^ per cent. 


22,634 



2,03,704, 

Add 80 per cent, as before 


64,831 

Total 


2,58,025 

Ju^eewm Srttnch, tecond part (P)» 



Length 15 miles, including tail escape; width at bottom 0)-feet; 
water 2^ ; fall per hiile 2 ftet ; discharge 61 cuoic feet per second. 

depth of 



Bs. 

* Land, 16 miles at Rs. 166 

... 

2,490 

Plantations ... ... ... ... 

... 

415 

Roads and Fences, at Rs, 150 ... ... 


2,260 

Excavation ... 

••• 

14,13i> 

8 Falls, one at tail, 116 feet water-way 

2 Bridges (one with regulator), Class IX. 

3,765 

# 9,000 

4 Three feet culverts in approaches to bridges 

800 


2 Metalled Fords, at Rs. 150 each 

300 

4,865 

2 Single Mills, at Bs. 1,300 each ... 

.*• 

2,600 

40 Miles of Distribdtary, at Rs. 1,800 per mile for 82 square miles of 


area to be irrigated in addition to the Canit which will be so used 

62,000 

Modules to be supplied to 16 miles of canal, at Bs. 400 permile 

• •• 

6,0Q0 

1 Sh«t and 1 Second Class Chokee, and 1 Oyetse6r*s residsnee 

sss 

5,426 



«91^«767 

Establishment at 12| per cent. 


11,719 



1.06,476 

Add 80 per cent, as before 


wan 

Total 


1,88,608 





cbaiS 


Smar Brcmch, first part (Q). 

Length 8 with T^milea escape; width at bottom 37 ftot ; depth of water 
4} feet; faU per mile 1*18 feet ; discharge 669 cubic feet per second. 


Land, 16 miles at Bs. 422 ... ^ ... ... 0^830 

Ditto for 4 lock channels at Bs. 1,162 each * ... 4,608 

Hantations ... 

Boads and Fences, at Bs. 260 
Excavation ... 

Escape h^, 60 feet water-way ... ... 

1 Fall at escape tail, 60 feet water-way 
8 Bridges, one with regulator. Class lY, 

6 Four feet culverts in approaches to bridges ... 

4 FalU with doable lock., Ac. ;;; 

4 Mills (double), at Bs. 2,200 each 

28 Miles of Distributary, at Bs. 1,800 per mile, for 42 square miles 
1 First Class and 4 de^^md Class Chokees, and 1 Overseer’s residence 


Bs. 


10,908 

1,623 

3,760 

94,490 

11,000 

16,600 

33,370 


80,000 

1,77,600 

8,80o 

36,40Q 

7,825 


4^84,116 

Establishm^t at 121 per cent, as before 60,614 


6,44,630 

Add 30 per cent, as before . . 1,45,235 


Total ... 6^866 


Buxar Branch, second part (B), 

Length 11 miles, with 4 miles of escape; width at bottom 184 feet; depth of 
water 34 feet; 6ill per mile 1} feet ; discharge 243 cubic feet per second. 


Bs. 

Land, 16 mUes at Bs. 231 ... ... ... ... 3,466 

Phuitations ... ... ■ ... — •.» •*. 3^^ 

Boads and Fences, at Bs. 260 ... ... 3,760 

Excavation ... ... ... ••• ••• 40,681 

Escape head, 30 feet water-way ... ... ••• ... 3,000 

Fi^intaaof escape, 80 fiset water-way ... ... ... 7,600 

3 Bridges, Class Yl, (one pn escape), one with regulator... 26,600 

<8 Fodr feet coverts in approaches to l^idges 

2 Locks 60 M 10, with doublelO feet waste weirs, Bs. 8»000 ^ jf^l^tion.. ^liooo 

2 Mills (single),, at Bs. 1,800 each ... ... 

Carried oyw ... 1,08,898 



APPENDIX B.-^DETAIDED ESTIMATE OP 1841 


Brought forward ... 

>46 M!1o 8 of Distributary, at Bs. 1,800 per mile^ for 73^ square miles of 

V irrigation ... ... ... ... ... 62,400 

1 Ihrst Class and one Seeond Class Chokee, one Assistant Engineer’s 

end one Overseer’s reiddence ... ‘ w. ... 10,676 


Add 80 per cent, as before 


1,81,968 

Establishment at 12| per cent. 22,74i6 

^714. 

Add 80 per cent, as before • 64,690 

Total 2,79,804 

Buxar Branch, third part f8J. 

Length 11| mUes, with 1 ^ miles of escape ; width at bottom 14} feet ; depth 
of water 2} feet ; fisll per mile 2 feet | discharge 140 cubic fset per second. 


Land,^ 13 miles at Bs. 192 ... ... ... 

.^ntations ... 

Boads and Fences, at Bs. 160 
Excavation ... ... ... ... 

Escape head, 20 feet water-way ... ... 

Fall in escape tail, 26 ditto 
2 Bridges, Class YII., one with regulator ... 

4 Three feet culverts in approaches to bridges ... 

2 look. 60^ 10. .tE.. 6^ . ::: 

2 Single Mills, at Bs. 1,800 
87 MUes of Distributary, at Bs. 1,800 per mile, for 66 square miles of 
' irrigation 

1 First and one Second Class Chokee, and one OvOTseeris residence 


Add 80 per cent, as b^ore 


14i8,X62 

Establishment at 12 | per cent. 16,396 

1,86,667 

ft . Add 80 per cent, as b^ore ^ 86,949 

Total’ 1>6,606 

Bnxar Branch, loit part (TJ. 

' XiSngtii 18 miles, including tail escape; width at bottom lOk feet; depth of 
water .21 feet; feU per mife 2 feet; discharge 79 ciihfe feet per second. 

' Bs, 

tMd/lS miles at Bs. 166 ... 2 , 0 g 0 l 

... .. ^ 

Fenew!, rt B* 180 ... ... ... 

CinM over ... flLlSS 



6SNBEAL memim 


dxv 

Ba. 

Brought forward ... 6,186 


BxoaTation „ 17^902 

8 Fall^ 2 at tail, 20 feet water-way... „ 12,000 

2 Bridges, Class VIII. one ^th regulator ... 6,167 

4 Three feet culverts in approaches to bridge 800 

6 Metalled fords, at Bs. 150 each ... ... ... 900 

6,867 

2 Single Mills (one at tail fall), at Bs. 1,300 .. ... 2,600 

64 Miles of Distributary, at per mile Bs. 1,300, for 96 square miles 83,200 

1 Firs? and one Second Class Chokee ... 2,800 

1,31,615 

Add Establishment at 124 per cent. ... 16,461 


1,48,066 

Add as before 30 per cent. ... ... 39,484 


Total ... ... 1,87,660 


Dooffir^ Sranch (V). 


Length 13 miles, including tall escape; width at bottom 7 foet; depth of 
water-way 1 J feet ; foil per mile 2 feet ; Recharge 26 cubic feet per second. 


Land, 13 miles at Bs. 1274 

... 

Bf. 

1.6S7 

Plantations ... • ... ... •»< 
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Boads and Fences, at Bs. 160 ... . ... 


1^ 

Excavation ... ... .*• **• 


7,496 

2 Fidls, one at tail, 10 feet water-way 


4^000 

8 Bridges, Class IX., one with regulator 

5,465 


.6 Three feet culverts in approaches to bridges ... 

1,200 


^ 8 Metalled fords at Bs. 120 

360 




7,026 

2 Mills, one (at tril faU) Bs. 1,800 each 


2,600 

(No Dutributary required.) 

18 Miles of canal supplied with ModiM at Bs. 400 


6,200 

1 Second Class Chokee 


800 

BitahlSriimmt atl84 per omit. 


81/108 

Add 80 per cent.^as before 


84.878 

ft80O 

« Total 


41.178 
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0Sm¥tMee Sraneik (T), 

13 mn«^ i&diidiiig tail escapei widths^ fddt s daptfai of water 2 feet ; 
Adi per mile 2 feet; discharge 48 cubic per second. 


Be. 

Laud, 18 miles at Bs. 127^ per mile . . ... i^g 57 

Plantations ... .... ... ... 276. 

Boads and Fences at Bs. 160 ... ... ... 1^960 

Bxcayation ... ... ... ... . 11,712 

8 Falls, 16 feet water-way, including tail fall at ... . 9,6QQ 

2 Bridges, Class IX., one with regulator ... ... 8,763 

4 Three feet culverts in approaches to bridges ... ^ 800 

8 Single Mills ... ... ... ... , 0,900 

80 Miles of Distributary Channel, at Bs. 1,300... ... .. 26,000 

18 Miles of canal supplied with Modules, at Bs. 400 ... .. 5,200 

1 First and one Second Class Chokee ... ... 2,800 


67,558 

Establishment at 12 } per cent. ... 8,445 

76,003 

Add 80 per cent, as before ... ... 20,267 

Total cost ... Bs. 96,270 

Chowsa Branch, first Bart (W). 

Length 6 } miles, with 7 miles of escape; width at bottom 26 feet; depth of 
water 4'1 feet ; ikU per mile 1*41 feet ; discharge 895 cubic feet per second. 

Bs. 

Land, 13} miles at Bs. 255 ... • ... 3,442 

Plantations ... ... ... ... ... 678 

Roads and Fences, at Bs. 250 ... ... ... ... 3,375 

Excavation ... ... ... ... ... 56355 

Escape head, 40 feet water-way ... ... ... ... 7,750 

1 Fall, 40 feet water-way, at tail of escape ... 11,500 

2 Bridges, one with regulator ... . ... ... 2 O 3 OO 

4 Four feet culverts in approaches to bridges... ... ... 1,830 

2 Lock. (douUe) with doable wa^ weirs 

2 Mill, (double) at Bs, 2,200 ... ... ... ..._ 4 ,^ 

30 Miles of Distributary, at Bs. 1,800 per mile, for 44 square miles 

of Irrigation ... ... ... ... 89,000 

1 first Class Chokee, and one Overseer’s residi^ce «„ 

2,45,676 

^Establiriiment at 12 } per cent# ... 80,700 

-v; ' ■ 

2,76,1^ 
78,702 


Add 30 per cent, as before 
Total 


8,50,086 



OBineuL ssimm 


Chowia JSfifneht second par^gS), 

Ltti^h 12f mile^ with 2 miles of escape j width at bottom 21 feeti 
water 3^ feet ; ftU per mQe l*60feet; discharge 814 calde feet per second* 

Land, 14| milet at Bs. 281 

Plantatioiis ... ... .. * ... 

•• ••• ••• 

Bbads and Fences, at Be. 250 
i^caration ... 

, ••• ••• ... 

Bscape head, 80 feet ... 

TbB fell for escape, 30 feet 
2 Bridges, Class VI., one with regulator 
4 Pour feet culverts in approaches to bridges ... 

8 Locks, single, with single waste channel ‘ 

8 Mills, double, at Bs. 2,200 

64 Miles of Distributarj, at Bs. 1,800 per mile, for 80 square miles 
of irrigation 

1 First and one Second Class Chokee, and one Overseer’s residence ... 


depth of 


Establishment at 12t per cent. ... 


2,89,688 


2,69,640 

Add 80 per cent, as before 71,906 

Total 3,41,655 

Chowsa Branch, last pari (T), 

Length 15 miles, including tail escape; width at bottom 18^ feet; depth of 
water 8i feet ; feU per mile 1*72 feet ; discharge 254 cubic feet per second. 


Bs. 

Land* at Bs. 231 per mile, for 15 miles ... ... ... 8,465 

®“#®*iions ... ... ... ... 577 

Roads and fences, at Bs. 250 ... ... ... 3,750 

Bkcavation ... ... ... ... 27,443 

8 Bridges, Class VI., one with Begulator ... ... ... 26,600 

ft Four feet culverts iuKapproadies to bridges ... ... ... 2,820 

. 2 Locks with single chamber and waste f Irrigation ... 11,000 

weirs ... ... ...(Navigation 48,000 

TWmiiial works fer descent into Eurumnassa 2,60,000 

2,93,000 

4 Mills, at Bs. 2,200 each , . ... ... ... 8.800 

02 Miles of Distribatary, at Es. 1,800 p^ mile^ for 188 square miles of 

erea to be irrigated ... ^ ;... ... 1,19,600 


Carried over 


4 ^ 97/155 
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^ Brought forward 

... 

4,97,055 

2 First and 1 Second Class Chokees, 1 Assistant Engineer and 2 
seer’s residence 

Over- 

16,800 

Establishment at 12} per cent.... 

... 

6,12,355 

6^044 

• 


6,76,399 

Add 30 per cent, as before 

... 

1M709 

Total ... 

... 

7,30,105 

Kochm Branch (Z), 

Length 13 miles, including tail escape ; width at bottom 8} feet ; depth of water 

2 feet ; fall per mile 2 feet ; discharge 48 cubic feet per second. 

Land for 13 miles, at Rs. 127^ 


Rs. 

1,657 

Plantations... 

... 

276 

Roads and Fences, at Rs. 160 

... 

1,950 

Excavation ... ... ... 

... 

11,712 

3 Falls (one at tail) 15 feet water-way ... ' ... 

... 

9,000 

2 Bridges, Class IX., one with Regulator ... ... 

4 Three feet culverts in approa^es to bridges 

4 Metfdled Fords, at Rs. 160 

3,765 

800 

600 

61,65 

2 Mills, at Rs. I,$|p0 each ... 

•••a 

2,600 

30 Miles of Distributary, at Rs. 1,300 per mile 

# 

89,000 

13 Miles of canal supplied with modules, at Rs. 400 per mile 

... 

6,200 

1 First Class Chokee 

... 

2,000 

Establishment at 12^ per cent. ... 


78,660 

9,820 

• 


88,380 

Add as before 30 per cent. 

... 

23,568 

Total 


1,11,948 


Eabtebn Soaks Cakal. 

Main Line fa). 

Length 12 miles, escape ^ a mile; width at bottom 52 feet; depth of water 
feet ; fall per mile 0*94 foot ; discharge 1^44 cubic feet per second. 

Bs. 

Lisnd, 12^ miles at Bs. 768 ... ... ... ... 9,600 

Bantations ... ... ... ... ... i,600 

Boads and Fences, at Bs. 400 ... ... ... ... 5,000 


Carried over 


16,200 



OSNWAL ESTIHATS» 


Excavation 

Drainage works as detailed in Report 
d Bridges deep cutting ... 

4 Ordinary bridges 


Brought forward 


70^500 

64,000 


Rs. 

16,200 

4»46,709 

1,55,796 


1,34,500 

Bscape head of €0 feet water-way ... 12,500 

3 Falls, 80 feet water-way, on escape ... ... ... 81,000 

10 Miles of distributary for • watering the low land on the Soane 

bank, at Bs. 1,300 ... ... ... 13,000 

1 First-lass and 2 Second Class Chokees, 1 Assistant Engineer and 2 

Overseers* residences ... ... ... 15,300 

^ 8,75^004 

Establishment at 12^ per cent* ... ... 1,09,376 

9,84)379 

Add 30 per cent, as before ... ... 2^62,601 

Total ... 12,46,880 

Patna Branch, first part (b). 

Length 8 miles, with ^ mile escape ; width at bottom 38^ feet ; depth of water 
5| feet ; fall per mile 1*11 feet ; discharge 735 cubic feet per second. 

Bs. Bs. 

Land for 8t miles canal, at Bs. 422 ... ... ... 7,103 

Ditto for Executive Engineer’s Head Quarters ... 192 

Ditto for 3 lock channela ... ... ^3,456 

» — 10,761 

Plantations ... ... ... ... ... 1,182 

Roads and fences, at Bs. 260 ... ... ... ... 2,126 

Excavation ... ... ... ... ... 67,852 

2| Bridges, Claes III., (one for Ghrand Trunk Boad) and one with 

Begulator ... .. ... ... ... 39,200 

4 Four feet culverts in approaches to bridges ... ... ... 1,880 

Escape channel head, 50 feet water-way ... ... ... 11,000 

3 Falls on escape, 60 feet water-way v«e aaa ••• 46,500 

8 PaHg with doaUe locks and lock channek [ 

8 Sets of double mills, at Bs. -2,200 ••• ... ... 6,600 

22 Miles of distributaries, at Bs. 1,300 ... ... 28,600 

1 First Class Chokee, and 2 Overseers* residences, also Head Quarters 

of an Executive Engineer, with Office for 2 Clerks and workshops 33,000 


39,200 

1,880 

11,000 

46,500 

69,000 

1,36,800 

6,600 

28,600 


Establishment at 12| per cent. 


Add 30 per cent, as before 


4^40,998 

55,126 

4^96,128 

1,32,299 


Total 


6,28,422 
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Patwk Branch, second ^ari (c). 

Length 14 miles, with escape ^ a mile; width at bottom 34} feet; depth of 
i^ater 4} feet ; Ml per mile 1*18 feet; ^soharge 659 cable feet per second. 

Bs. 
4,089 
681 
3,625 
68,618 
7,750 

31.000 
23,370 

^ 1,880 

60.000 
1,33,200 

6,600 

65,000 
10,450 


4,06,263 

60,783 


4,57,046 

1,21,878 

* 

Total cost ... Ks. ^ 6,78,924 


Batna Branch, third •part (d). 

Length 26} miles, with } mile of escape ; width at bottom 29} feet ; depth of 


water 4} feet ; fall per mile 1} feet; ^charge 424 cubic feet per second. 

Land, 27} miles, at Rs. 282 per mile 

Rs. 

7,765 

Plantations 


fS« 

1,292 

Roads and fences, at Rs. 250 



6,875 

Excavation ... / ... 


■ I 9 

95,851 

Escape head, 40 feet water-way ... 

• •• 


7,750 

8 Falls on escape, 40 feet water-way 


«sa 

84,500 

5 Bridges, Class IV. (one with Regulator) ... 

• ft 


63,370 

10 Four feet culverts in approadies ... 

see 

• •a 

4,700 

4 Double locks with double waste f Irrigation 


« ■ t 

62,000 

channels ... ... } Navigation 


• •• 

1,19,600 

4 Double Mills, at Bs. 2,200.... 

... 

••• 

8,800 

06 Miles of distributary, at Rs. 1,300 per nule for 144 square miles of 
^ irrigation 

1,24^800 


Carried over 

sss 

6,26,293 


Establishment at 12} per cent.. 


Add 30 per cent, as above 


Land, 14<} miles, Bs. 282 per mile 
Plantations ... 

Roads and fences, at Rs. 250 
Excavation 

Escape head, 40 feet water-way ... 

2 Falls on escape, 50 feet water-way .. ... ... 

2 Bridges, Class IV. (one with Regulator) ... 

4 Four feet culverts in approaches 

8 Falls with locks (double), with double waste weirs f Irrigation 
and chamiels, at Rs. 64,400 ... ... (^Navigation 

8 Sets of double Mills, at Rs. 2,200 

60 Miles of distributaries, at Rs. 1,300 per mile, for 74 square miles 
of irrigation 

1 First Class and 3 Second Class Chokees, and 2 Overseer's residences 



OENEEAL ESTIMATE* 


ckxi 


Bs. 

Brought forward ... 5,26,293 

2 Firat and 4 Second Class Chokees, 1 Assistant Engineer, and 

2 Overseers* residences ... ... ... 17,700 

6,43,993 

Estahlidiment at 12^ per cent. 67,999 

6,11,992 

Add SO per cent, as before 1,63,197 

Total cost ... Bs. 7,75,189 


Faina Branch, fourth part (c). 

Length 91 miles, with 1 mile of escape; width at bottom 26 feet; 
water 4 feet ; fall per mile 1*4 feet; discharge 391 cubic feet per second. 

Land, Hi mile^S at Rs. 266 per mile 
Plantations 

Boads and fences, at Bs. 250 
Excavation 

Escape head, 30 feet water-way 
3 Falls on escape, 40 feet water-way 

2 Bridges (Class V)., one with Regulator... 

4 - Four feet culverts in approaches ... ••• ^ ••• 

2 Locks with double chambers and f Irrigation 

waste weirs ... ... t Navigation ... ... 

2 Sets of double mills, at Bs. 2,200 ... 

so of diatributeriw, at Bs. 1,300 per mile, for 46 sanare 
miles of irrigation ... ••• ••• 

1 First Class and 1 Second Class Chokee andl Overseer’s residence^ 

Establishment at 121 percent.,.. 


depth of 


2,37,381 

29,672 


Add 80 per cent, as before 


Total cost - ... Bs. 3,38,267 


Foitna Brmch, lact part (J). 

Length 27 mna. to temdnn. on Oangeaj width at bottom 18 feet; depth of 

waterSifeet; fiittpermilel-TSfeet; diMharge234.cnbicfeetper«!C0iid. ^ 

6237 

Land, 27 milei> at Ito. 281 per mile ... - - 

Plantations 


Carried over 


7,276 
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* Brought fnrward ... 

Roads and fences, at Rs. 250 ... ... ... 

Excavation 


12 Bridges, Class VI., one with Regulator (an extra number is given 
for communications near the City of Patna» and to allow of some 
being made wider) 

24 Four feet culverts in approaches 


Terminal Works ... ... ... ... 

2 sets of Mills at ditto, at Rs. 2,200 

76 Miles of Rajbuhas, at Rs. 1,300 per mile, for 112 square miles 
of irrigation 

2 First Class and 2 Second Class Chokees, 1 Assistant Engineer 
and 2 Overseers* residences 


Establishment at 124 per cent.... 
Add 30 per cent, as before 


Rs. 

7,276 

6,760 

74,657 


98,630 

11,280 

3,50,000 

4,400 

•97.600 

16,100 

6 66 , 5 ^ 
83,323 

7,49,906 

1,99,974 


Total cost ... Rs. 9,49,880 


Jahhowra Branch {g). 

Length, including tail escape, 244 miles; width at bottom 9 feetj depth of 


water 2 feet ; fall per mile 2 feet ; discharge 64 cubic feet per second. 
Land, at Rs. 1274 per mile ... 

Plantations 

Roads and fences, at Rs. 160 
Excavation 

7 Falls, including 3 near tail of 16 feet water»way 
34 Bridges, Class IX, (one district road), one with Rs. 

Regulator ... ... ... 5^890 

6 Three feet culverts in approaches ... 1,200 

6 Metalled fords, at Rs. 150 each 900 


Rs. 

3,124 

621 

3,676 

22,411 

21,000 


4 MUls, at Rs. 1,300 each ... 

^ 48 Miles of iBst^butary, at Rs. 1,300 per mile,, for 
71 square miles of irrigation or deducting the 
length of canal 24 

24 Miles of canal supplied with modules, at Rs. 400 
per mile ... 

1 First and 2 Second Class Chokees ... 


7,990 

6,200 


62,400 


9,600 
,, 3,600 


Establishment at 124 P^ omit* 


1»89,621 

17,440 


Add 80 per cent, fs before 


1,66,961 

41,866 


1,98,817 


Total cost ...Rs. 
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Xojiatsa Braueh (A). 

Lenerth 27 inoladiiig taU escape; width at botMIta lOi feet; depth of 

watcfr 2i feet ; fhh per mile 2 feet; discharge 72 cobieftet per second. Bs. 


Land, Bs. 153 ^er mile 

IS! 

4,181 

Plantations 

,,, 

688 

Roads and fences, at Bs. 150 ... 

- 

4,050 

Bi^eaVation 


5 Palls (two at tail) 16 feet water-way ... 

... 

15,000 


Bs. 


8 Bridges, Class Vlll. (one with Begulator) ... 

7,467 


6 Three feet culverts in approaches 

1,200 


8 M^alled fords, at Rs. 150 ... 

1,200 




9,867 

4 Mills (single), at Rs. 1,300... 

i.i 

5,200 

64 Miles of distributarj, at Bs. 1,800 per mile for 

07 square miles of irrigation 

• •• 

83.200 

1 First Class and 2 Second Class iokees 

... 

8,600 



1,52,680 

Bstahlishment at 12' per cent. 

... 

19,085 



1,71,765 

Add 30 per cent, as before 

• • • 

45,804 


cost ... Bs. 

2,17,669 

PaUegmj Branch (i). 



Length 14 miles ; width at bottom 7 feet ; depth of water 1} feet ; fhll per 

mile 2 feet ; discharge 33 cubio feet per second. 

Land, 14 miles, at Bs. 127i oiile 


1,786 

Plantations 


297 

Roads and fences, at Bso,160 ... 


2,100 

Bzckvation 


8,072 

4 Falls, 15 feet water-way (two at tail) ... 


12fi00 


Bs. 


1 Bridge, Class IX., at head, with Regulator 

2,065 


2 Three feet culverts in approaches 

400 


8 Metalled fords, at 120 feet ... 

360 


• 

— 

2,826 

8 Millfli, at Rs. 1,800 ••• 

. 

8,900 

80 Miles of distributary, at Bs. 1,800 per mile, for 45 
square miles of irrigation, or, deducting the length 

of canal, 14 miles ... 


3Kf,UUU 


Csfriedover 


69,979 
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Rs. 

M Brought forward 

69,979 

14 Miles of canal supplied with modules, at Bs. 400 



per mile 

... 

6,600 

1 First and 1 Second Class Chokee 


2,800 


... 

78,879 

Establishment at 124 per cent. 

... 

9,797 



88,176 

Add 30 per cent, as before 

• • ■ 

23,613 

Total cost 

... Rs. 

1,11,689 

Dinapoor "Branch (J). 



Length 20 miles, width at bottom 14 feet ; depth of water 2f feet 

1 ; fbU per 

mile 2 feet i discharge 124 cubic feet per second. 

Rs. 

Sa. 

Land, 20 miles at Rs. 192 per mile 


8,840 

Plantations 


640 

Roads and fences 


8,000 

Excavation 


■38,033 

3 Falls at tall, of 25 feet water-way 

8 Bridges, Class YII., (see remark to last part of 


16,600 

Patna Branch) one with Regulator ... 


60,400 

16 Four feet culverts in approaches 


7,620 

2 Mills, at Rs. 1,300 

110 Miles of distributary at Rs. 1,300 per mile for 165 


2,600 

square miles of irrigation 

1 First and 2 Second Class Chokee, and 1 Overseer’s 


1,43,000 

residence ... ... ... 


6,225 


• •• 

2,71,768 

Establishment at 124 per cent. 

• •a 

88,970 



8,06,728 

Add 80 per cent, as before 

/ 

... 

81,627 

Total cost 

...Rs. 

3,87,266 

Tika^cc Branch, first part (it). 



Length ID miles, with one mile alt escape; width at bottom ,26 feet; 
water 4 feet ; fell per mile 1*40 feet ; discharge 400 cubic feet per second. 

depth of 



Rs. 

Land, 11 miles, at Rs. 255 per mile 

2.805 


Ditto Executive Engineer, Head Quarters, 32 beeghas ... 

192 

2,997 


Canried over 


2,997 



GENERAL miMATE. 


dbufv 


Ks. Bs. 


Brought forward ... 

^ ... 

2,997 

Plantations 


499 

Roads and fences, at Rs. 250 ... 


2,750 

Excavation ' ... ... ... 


62,508 

Passage of Poonpoon ... 

2,00.000 


Ditto of Bootana ... 

6,00,000 


Ditto of two small tributaries to Poonpoon 

60,000 


2 Falls of 40 feet water-way for escape ... 

8,50,000 

... 

23,000 

3 Bridges, Class V.,^ne with Regulator ... 

• • 1 

29,915 

6 Four feet culverts in approaches 

... 

2,820 

20 Miles of distributary, at Rs. 1,300 per mile, for 30 
miles of irrigated area ... ... 


26,000 

1 First Class and 1 Second Class Chokee, and 3 
Overseers’ residences ... ... ... 

11,275 


Executive Engineer’s residence, with Office, 2 Clerks’ 
residences and work-shop 

26,750 



37,026 

Establishment at 12^ per cent. 


10,44,014 

1,30,601 

Add 30 per cent, as before 


11,74,615 

3,13,205 


ost ... Rs. 

14.87,720 


Tika/ree Brcmch, second part (1), 

Length 5 miles (no escape) ; width at bottom 23 feet ; depth of water 3t feet j 


fall per mile 1*51 feet ; discharge 361 onlnc feet per second. 

Us. 

Land, 6 miles, at Rs. 255 per mile ... ... - ... 1,276 

Plantations .•• ... ... ... ... 212 

Roads and fences, at Rs. 250 ... ... ... ... 1,250 

Rzcavation ... ... ... ... ... 22,463 

Passage of the.Uddree ... ... — ... 90,000 

2^ Bridges, Class V.,*one with Regulator and one on Qrand Trunk 

Road... ... ... ... ... ... 29,415 

4 Pour feet culverts in approaches ... ... ... 1>880 

6^ Miles of distributary, at JRs. 1,300 ... ... 7,800 

1 Second Class Choker and 1 Overseer’s residence ... ... M25 


Rstablishment at 12^ per cent. 
Add 30 per cent, as before 


1,67,710 

19,713 

l,77,m 

47,313 


Total cost ... Rs. 
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THkaree Branch, third part (m). 

Length 11 mileg^ escape 1 mile; width at bottom 20 feet; depth 
feet ; discharge 287 cubic feet per second. 

Land» 12 milei^ at Bs. 231 per mile 
PlantationB 

••• ••• 
Boads and fences^ at Bs. 250 . ... 

Excavation 

Passages of the Tikaree and Mndar 

Escape head 30 feet water-way ... 

2 Falls, 30 feet water-way on escape 
4 Bridges, Class VL, one with Begulator ... 

8 Pour feet culverts in approaches 

12 Miles of distributary, at Bs. 1,300 per mile, for 18 square miles 
of irrigation ... 

1 First and 1 Second Class Chokee, and 1 Assistant Engineer's 
and 2 Overseers* residences 


of water 3i 

Bs. 

2,772 

462 

8,000 

34,062 

1>26,000 

5,000 

16,000 

34,620 

3,760 


13,300 


Establishment at 12^ per cent. 


2,63,670 

81,709 


2,86,385 

Add 30 per cent, as before 76,103 

Total cost ... Bs. 8,61,488 

Tikwrec Branch, fowrthpart (n). 


Length 8 miles, (no escape; width at bottom ISJ feet ; depth of water 8^^ feet; 
fall per mile 1*74 feet ; discharge 259 cubic feet per second. ** 


Land, 8 miles, at Bs. 231 per mile 

Plantations 

Bs. 

1,848 

Boads and fences, at Bs. 260 

Excavation 

. • 1 ouo 

2,000 

21,648 

... 86,000 

... 26,620 

2,820 
18,000 
3,426 

Passage of the Dhawa ... ,,, • 

a Bridges, Class VI/, one with Begulator ... 

6 Four feet culverts in approaches 

10 Miles of distributary, at Bs. 1,300 

1 Second Class Chokee and 1 Overseer’s residence 

' Establishment at 12| per cent. 

* 

1,07,664 

18,468 

Add 30 per cent, as before 

1,21,128 

82,299 


Total cost ... Bs. 


1,58,421 
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H^aree Branch, fifth pari (o). 

Length 6 miles, (no escape) ; width at bottom 17 feet j depth of water 3| 


feet j fall per mUe 1*85 feet ; discharge 219 cubic feet per second. 

< Hs. 

Land, 6 miles, at Rs. 231 per mile ... ... U 55 

Hantations ... ... 

Roads and fences, at Rs. 250 ... ... ... 2,250 

Bxcavation ... ... ... .. . 10672 

2 Bridges, Class VI. (one with Regulator) .,. 18,620 

4 Four feet culverts in approaches.., ... ... l^ggO 

19 Miles of distributary, at Rs. 1,300 per mile, for 27^ 

square miles of irrigation ... ... ,,, 24,700 

1 Second Class Chokee ... ... ... 800 


69,269 

Establishment at 124 per cent ... ... 7,408 


66.677 

Add 30 per cent, as before ... ... 17,781 


Total cost ... Rs. 84,458 


Tiharee Branch, sixth part (p). 


Length 4 miles, with 2 miles of escape ; width at bottom 14} feet ; 
water 2} feet ; fall per mile 2 feet | discharge 134 cubic feet per second. 

depth of 


Rs. 

Rs. 

Land, 6 miles, at Rs. 192 per mile 

... 

1,152 

Plantations ... ... ... ... ... 

... 

192 

Roads and fences, at Rs. 150 ... 

... 

900 

Exoavation 

Passage of the Neora River 

15,000 

9,381 

Head of escape, 20 feet water-way 

2,200 


2 Falls for escape, 20 feet water-way 

8,000 

25,200 

2 Bridges, Class Vll. <one with Regulator) 

... 

14,410 

4 Three feet culverts in approaches 


800 

10 Miles of distributary, at Rs. 1,300 per mile, for 14 square miles 


of irrigation ... •• ••• 

... 

18,000 

1 First Class Chokee, 1 Assistant Engineer’s residence... 


7,250 



72,285 

Establishment at 121 per cent. 


6,096 



81,820 

Add 30"per cent, as before 


21,686 

Total cost 

... Rs. 

1,00,006 
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TiJcaree Branch, Impart (qj, 

Len^h 24 miles to tiul escape; width at bottom 10 feet, depth of water 
2i feet ; fail per mile 2 feet ; ^scharge 64 cubic feet per second : — 



Bs. 

Bs. 

Land, 24 miles, at Bs. 166 per mile 

... 

3,984 

Plantations ’ ... ... 

... 

664 

Roads and fences, at Bs. 150 

... 

3,600 

£^||fi,vation 

... 

30,337 

4 Falls (2 at tail escape) 16 feet water-way 

12,000 


C Irrigation 

16,000 


4 Locks, at Bs. 6,600... < 


28,000 

(.Navigation ... 

10,000 



10,000 

6 Sets of mills, at Bs. 1,300 ... ••• •.. 

... 

6,500 

2 Bridges, Class VIII. (one with Regulator) 

... 

6,167 

4 Three feet culverts in approaches 

... 

800 

39 Miles of distributary, at Bs. 1,300 per mile, for 85 miles of 


irrigation allowing for the canal ... ... 

• •• 

60,700 

24 Miles of Canal supplied with modules, at Bs. 400 ... 


9,600 

1 First and 2 Second Class Chowkees and 1 Overseer’s residence 

6,225 



1,65,577 

Establishment at 12^ per cent. 

... 

19,447 



1,75,024 

Add 30 per cent, as before 


46,673 

Total cost 

Bs. 

2,21,697 

Jummoor Branch (r). 



Length 64 miles; width at bottom 5 feet; depth of water feet 

; fall per 

mile 2 feet ; discharge 15 cubic feet per second. 


Bs. 

Land, at Bs. 102 per mile ... 

... 

663 

Plantations 

... 

110 

Roads and fences, at Bs. 160 


975 

Excavation 


3,171 

2 Falls of 7 feet water-way at tail 1 

8 Falls in canal diito ... J 


6,000 

3 Mills at Bs. 1,300 


3,900 

1 Bridge, Class X, with Begulator 


1,599 

(No distributary required.) 

Modules for 64 miles of canal, at Bs. 400 


2,600 



18,015 

Bstablishment at 12| per cent. 


2,252 



20,267 

Add 30 per cent, as before 


6,404 

Total cost 

Bs. 

26,671 
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Khurdna Branch («). 

Length 16 mUes to t^ escape} width at bottom lOKcet,- depth of water 

2i feet } faU per mfle 2 feet; discharge 71 cubic feet per second. 

, 


Rs. 

Land, 16 miles, at Bs. 166 per mile 


2,656 

Plantations 

• •• 

4i3 

Boads and fences, at Rs. IBO 


2,400 

Excavation ... 


1«|45 

7 EaUs (2 at tail escape), 20 feet water-way ... 


28,000 

1 Bridge, Class VIII., with Regulator 


2,867 

2 Three feet culverts in approaches ... 


400 

B Sets of mills, at Rs. 1,300 ... 


6,500 

48 Miles of distributary, at Rs. 1,300 per mile, for 94i square 


miles of area, allowing for the 16 miles of canal 

... 

62,400 

16 Miles of canal supplied with modules, at Rs. 400 

... 

6,100 

1 First and 1 Second Class Chokee 


2,800 

Establishment at 12 ^ per cent. 


1,30,611 

16,326 

Add 30 per cent, as before 


1,16,937 

39,183 

Total chat. 

„ Rs. 

1,86,120 

Achore Branch (<). 

Length 6i miles j width at bottom 5 feet; depth of water 1^ feet 

; fall per 

mile 2 feet ; discharge IB cubic feet per second. 

Land, 6| miles, at Rs. 102 per mile 

... 

Rs. 

561 

Plantations ..^ 


93 

Roads and fences, at Rs. 160 


825 

Excavation 


2,683 

2 Falls, 7 feet water-way at tail 1 


4.000 

2 Ditt * ditto on canal / 

2 Mills, at Rs. 1,300 


2,600 

1 Bridge, Class X., with Regulator 


1,897 

2 Three feet culverts in approaches ... ... , 


400 

(No distributary needed.) 

6| Miles of canal supplied with modules, at Rs. 400 per mile 


2,200 



14,969 

Establisl^ent at 12) per cent. 


1,669 

Add 30 per cent, as before 


16,828 

4^488 

Total cost 

.. lU. 

21,816 
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Dadur Branch («). 


Length 12 miles; width at bottom 7 feet; depth of water IJ feet; fall per 
mile 2 feet; discharge S3 feet per second. 


Rs. 


Land^ 12 miles^ at Rs. 127} per mile 

... 

1,530 

Flantations ••• ••• ••• 

• •• 

255 

Boids and fences, at Rs. 160 

RuiRl^tion ••• ••• 

• •• 

1,800 

6,918 

2 Falls, 10 feet water-way at tail 1 

4 Ditto on canal ... J *** 


12,000 

1 Bridge, Class IX., with Regulator ... ' ... 


2,066 

2 Three feet culverts in approaches ... ... 


400 

4 Mills, at Rs. 1,300 

■ • • 

6,200 

20 Miles distributary, at Rs. 1,300 per mile, for 44 square miles 


of irrigation allowing for the length of canal 

... 

26.000 

12 Miles of canal provided with modules, at Rs. 400 

... 

4,800 

1 First and 1 Second Class Chokee, and 1 Overseer’s residence 

... 

6,425 



66,393 

Establishment at 12} per cent.*,. 


8,299 



74,692 

Add 30 per cent, as before 


19,917 

Total cost 

Rs. 

94,609 

Smieednuggur Branch (v). 



Length 15} miles ; width at bottom 10 feet ; depth of water 

2} feet; 

fall per 

mile 2 feet ; discharge 64 cubic feet per second. 


Rs. 

Land, 15} miles, at Rs. 166 per mile 


2,673 

Plantations 


429 

Roads and fences, at^Rs. 150 


2,325 

Excavation 


15,038 

2 Falls, 15 feet water-way at tail 1 

6 Ditto on canal ... ...J 


21,000 

1 Bridge, Class VIII., with Regulator 


2,867 

2 Three feet culverts in approaches 


400 

5 Mills, at Rs. 1,300 ... ... 

... 

6,500 

Miles of distributary, at Rs. 1,300 per mile, ror 85 square 


miles of irrigation, allowing for length of canal 

• •a 

64,600 

Carried over... 

1,06,732 
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Brought fonvard., 

16i Miles of canal supplied with modules, at Ra. 400 ... 

1 First and 1 Second Class Chokee, and 1 .Overseer’s residence 

Bstablishment at 12) per cent. ... 

Add 30 per cent, as before ... 


6,200 

5,425 

1,17,367 

14,669 

1,52,026 

35,209 

l,6f9K33 


Total cost ... Bs. l,6f!233 

Kutangee 'Branch (w). — 

Length 16 miles ; width at bottom 9) feet ; depth of water 2 feet ; fall per 
mile 2 feet ; discharge 58 cubic feet per second. lla. 

Land, 15 miles, at Rs. 166 per mile ... ... ... 2,490 

Plantations ... ... ... ... ... 415 

Roads aud fences, at Rs. 150 ... ... ... ... ^ 2,250 

Excavation ... ... ... ... ... 14,137 

2 Falls, 15 feet water-way at tail 1 
8 Falla on canal ...J - •“ 

1 Bridge, Class VIII., with Regulator ... ... ... 2,867 

2 Three feet culverts in approaches ... ... ... 400 

4 Mills, at Rs. 1,300 ... ... ... ... 6,200 

42 Miles of distributary, at Rs. 1,300 per mile for 76) square miles 

of area to be irrigated, allowing 15 miles per length of canal... 46,800 

15 Miles of canal supplied with modules, at Rs. 400 ... ... 6,000 

1 First and 1 Second Class Chokee ... ... ... 2,800 


Establishment at 12) per cent. 


Add 30 per cent, as before 


1,13,359 

14,169 

1,27.528 

34,008 

1,01,536 


Total cost ... Rs. 1,01,536 

Navigation Lines. 

J. Jam from the Binwgore Branch Kead to Patna. 

Lengt|^27 miles; width at bottom 20 feet; depth of water 3f feet; fall per 
mile 1 inch ; discharge theoretically 63 feet per second. Rs* 

Land, at Rs. 231 per mile ... ... ••• 6,237 

Plantations ... ... ... »• 1,039 

Roads and fences, at Rs. 250 per mile ... ... 6,750 

Excavation ... ... ... ... 62,096 

4 Single locks 120 x 16 with vraste weir, one at head, at Rs. 27,600 1,10,000 

9 Bridges, Claes VI., at Rs. 8,000 ... ... ... 72,000 

1 FiM and 3 Second Class Chokees, and 1 Overseer’s residence 7/)25 

’2i66,147 

Establishment at 12) per cent. ... 31,893 

2,87.040 

30 per cent, added as before ... 76,544 

Total cost ... ... 8.63-684. 


30 per cent, added as before 
Total cost 
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II, XAm from the head of the Nanea/ugor Branoih to Arrah, 


Length 20 miles, other dimensions as above. 


Rs. 

Land, at Es. 231 per mile 


4,620 

^^Plantations ... 


770 

Hoads and fences, at Rs. 250 per mile 


6,000 

Excavation ... 


38,586 

7 Single lochs 120 x 16, at Hs. 27,600 


1,92,500 

3 Bridges, Class VI., at Rs. 8,000 ... 


24,000 

1 First and 2 Second Class Chokees 


3,600 

2,69,076 

Establishment at 12} per cent. 


33,634 

3.03,710 

30 per cent, added as before 


80,723 

Total cost 


3,83,433 

III. Line from the JRoohua Branch Sead to the Kturumnassa. 


Length 27 miles, other dimensions as before- 


Rs* 

Land at Ks. 231 per mile 


6,237 

Plantations 


1,039 

Roads and fences, at Rs. 250 


6,750 

Excavation 


52,096 

10 Locks single 120 X 16, at Rs. 27,500 


2.75,000 

2 Bridges, Class Yl., at Rs. 8,000 ... 


16,000 

1 First and 4 Second Class Chokees, and 2 Overseer’s residence 


10,450 

3,67,572 

Establishment 12} per cent. 


45,946 

4,13,618 

Add 30 per cent, as before 


1,10,271 

Total cost 


6,23 789 

IV, Line from Kuromodeea to the Sead of the Benares Main Navigable Line. 

Length 15 miles, other dimensions as before — 


Rs. 

Land 16 miles, at Rs.^231 


3,465 

Plantations ... 


677 

Roads and Fences, at Rs. 250 


3,760 

Excavation ... 


42,677 

7 Locks as above 


1,92,500 

1 Bridge ... 


8,000 

1 First and 2 Second Class Chokees 


3,600 

2,54.469 

Establishment at 12} per cent. ... 


31.808 

2,86,277 

Add 30 per cent, as before 


76,841 

Total cost 


3,62,618 
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F*. 2£a%n Natiigation line to Benares, 

1 j 61 i^ 1 i 56 ihiIgs j width ftt hottom 25 ihot j depth of wntcr 5 feet j fell per 
mile 4 inches; discharge, theoretical, 247 cubic feet per second. 

. Rs. 

Land, at Rs. 225 per mile ... . ... ... 14,280 

Plantations... v ... ... ... ... ... 2,380 

Roads and Fences, at Rs. 250 ... ... ... 14,000 

Excavation ... ... ... ... ... ... 3,10,464 

4 Locks, doable, with single waste weir, at Rs. 38,000 ... 1,52,000 

Passage of the Kordra 150, Doorgowteo 200, Kukur 40, SooraCO, Koora 
60, Gonhooa 40, and Kurumnassa 250 ; total 800 running feet of 
water-way, at Rs. 800 ... ... .... ... 6,40,000 

16 Bridges, 1st class, at Rs. 9,000 ... ... ... .. 1,44,000 

Descent into the Ganges ... ... ... 2,50,000 

8 MUls, at Rs. 2,200 ... ... ... ... 17,600 

5 First Class and 6 Second Class Chokees, 1 Assistant Engineer’s, and 

8 Overseer’s residences ... ... ... 41,050 

15,85,774 

Add Establishment at 12| per cent. 1,98,222 

17,83,996 

Add 30 per cent, as before 4,75,732 


Total cost ... 22,59,728 
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